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INTRODUCTION 


The structure and evolution of the glandular tissue of the pancreas, 
of both its exocrine and its endocrine portions, have been the sub- 
ject of a multitude of investigations, as is well known, and a great 
number of publications throwing light on these questions from many 
various aspects are found in literature. On the other hand, a study of 
the work on pancreatic connective tissue with particular stress on its 
normal structure reveals that there are few such investigations as com- 
pared with the former. Moreover, in the greater part of these works 
the pancreatic connective tissue is described only to the extent required 
for treatment of the actual object of investigation, i.e., some other 
part of the pancreas. 

Yet there are some investigations dealing exclusively with the 
pancreatic connective tissue. The object of these investigations has 
been the topography of the pancreatic connective tissue in children 
or adults or the occurrence of a certain type of connective tissue in 
the pancreas in corresponding cases. However, in the literature available 
to the author not one work could be found dealing with the prenatal 
evolution of the argyrophilic connective tissue, the elastic and colla- 
genous tissue, in the human pancreas. 

Since, however, pancreatic connective tissue not only is significant 
from an anatomic point of view but also plays a considerable part in 
certain pathologic states of the pancreas in both children and adults, 
the objective of the present work is to contribute to our knowledge by 
attempting to describe the normal evolution of the argyrophilic con- 
nective tissue and of the elastic and collagenous tissue of the pancreas 
in the various evolutionary periods of the human embryo and fetus. 








FORMULATION OF THE QUESTIONS 


. At which time during the prenatal period do argyrophilic 
connective tissue fibers and elastic and collagenous fibers 
first occur in the human pancreas? 


. In which way do the tissues formed of these fibers develop 
during the prenatal period? 


. Are any differences observable in the development of these 
types of connective tissue during the prenatal period in the 
various parts of the pancreas? 


. What is the proportion of these types of connective tissue, 
compared with the amount of pancreatic glandular tissue, in 
the various evolutionary stages of the prenatal period? 





REVIEW OF LITERATURE 


As was mentioned in the introduction, no publication was available 
to the author, which dealt with the evolution of the connective tissue 
fibers in the human pancreas during intrauterine life. Neither has the 
author been able to find in the available literature any investigation 
on the prenatal evolution of even some particular type of pancreatic 
connective tissue. 

For these reasons, a review is given in this section of some of the 
research which touched upon the object of the present investigation, 
even though it was treated quite superficially and in connection with 
some other investigation of the pancreas. 

Stang] (1901) stated that he had observed abundant connective tissue 
occurring in broad fascicles, surrounding the glandular tissue of the 
pancreas of a fetus 20 cm in length. In contrast, the connective tissue in 
the pancreas of a neonate divides the glandular tissue into large sections. 
Pearce (1903) observed in the pancreas of a 73-day old fetus the first 
evolutionary stages of the islands of Langerhans. These are structures 
consisting of round and oblong cells surrounded by firm connective 
tissue in the form of a capsule. Mironescu (1910) mentioned in his in- 
vestigation on the evolution of the islands of Langerhans that in the 
fetus they are not noticeable as distinct formations until after more 
than 5 intrauterine months, and that they are surrounded and separated 
from their environment by connective tissue. Nakamura (1927), who 
also investigated the prenatal pancreas, described the abundant mesen- 
chymal tissue of the pancreas of a 9-week old fetus and the interlobular 
connective tissue surrounding the acini in the pancreas of a fetus 16 cm 
in length. 

Kardasewitch (1927) investigated 24 pancreases of the human fetus. 
The length of the fetuses ranged between 2.5 cm and 26 cm, measured 
from crown to coccyx. He studied the evolution of the islands of 
Langerhans and in relation to this described, to some extent, the 
connective tissue of the pancreas. In regard to the pancreas of fetuses 
between 2.5 and 8 cm in length, he mentioned only the abundant mes- 
enchymal tissue and the basement membrane around the acini. According 
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to this author, in the pancreas of a fetus 9 cm in length, loose connective 
tissue rich in fibers has already appeared around the parenchyma. In 
the pancreas of a fetus 11 cm in length, he observes islands of Langer- 
hans surrounded by a strong-appearing connective tissue rich in fibers. 
In the foregoing have been mentioned the most important of the 
investigations in which the prenatal connective tissue of the human 
pancreas was described in addition to other objects of study. Moreover, 
numerous investigations, particularly those concerned with the origin 
and evolution of the islands of Langerhans, can also be found in lite- 
rature in which the connective tissue surrounding the islands is inci- 
dentally dealt with in one way or another. However, none of the works 
which the author has been able to study deals with or throws any actual 
additional light on the object of the present investigation. 
Furthermore, in the newer literature some publications can be found 
which deal with the arrangement of the connective tissue in the pan- 
creas of neonates and its relation to the parenchyma. Judging from 
these works, the interest of the investigators was attracted by the fact 
that the amount of connective tissue in the pancreas of a neonate and 
its topography, as compared, e.g., with the corresponding tissue of 
a child a few months old, is not at all similar, but shows a distinct 
difference with regard to the loose connective tissue. Brock (1932) 
mentioned that neonates and children in the first month have an abun- 
dance of connective tissue in the pancreas which appears not only 
between the glandular sections but also in the interstices of the terminal 
portions. Fazzari (1935) investigated the occurence of reticulin tissue 
in the pancreas of a child, an adult, and an aged person. In the pancreas 
of a neonate, Ferner (1938) described the reticulin fibers which separate 
the cells in the islands of Langerhans into smaller groups, cellular 
tracts. Further, he stated as his observation that in the pancreas of 
neonates there is an argyrophilic system of fibers around the so-called 
centroacinar cells in the terminal portions, i.e., the acini. The network 
of fibers separates these cells from the adjoining cells of terminal por- 
tions in the glandular parenchyma. It is true, according to this author, 
that from this system surrounding the centroacinar cells short fibers 
extend into the interstices of the glandular cells, but in no place do 
they reach to the basement membrane of the glandular parenchyma, 
and, thus, no direct connection between the basement membrane and 
this system of fibers is established. Kitaygorodskaya (1944) investigated 
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neonates, children, and adults, altogether 102 persons, and found, in 
a comparison of the proportion of pancreatic connective tissue to 
pancreatic glandular tissue, that an amount of connective tissue similar 
to that of adults is not reached before the age of 11 to 16 years. Up to 
this age, a continuous gradual decrease in the proportion of pancreatic 
connective tissue observable throughout the period of growth takes 
place. Emery (1951) tried to find out the normal variations with regard 
to the topography of the pancreatic connective tissue in the various 
periods of childhood. He divided the period of development from the 
age of 1 month up to 16 years into six different degrees of maturity, 
according to the amount of connective tissue in the pancreas and the 
lobularization. According to Emery, a fairly loose lobularization and 
a great amount of connective tissue, as compared with the parenchyma, 
are found in the pancreas of infants less than 1 month of age. 
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MATERIAL AND METHODS 


Material for this study consisted of 81 praenatal pancreases and 3 
pancreases of neonates. The major part of the material was obtained 
from the Anatomical Institute and from the Children’s Clinic of the 
University of Helsinki and a small part from the Women’s Clinic of the 
University of Helsinki. As comparative specimens with regard to both 
histological and staining technics, there were used, in addition to these 
84 pancreases, the pancreas of a child 7 14 months old and the pancreas 
of a one-year old child, which were also obtained from the Children’s 
Clinic, as well as the pancreas of a 21-year old adult and one of a 46-year 
old adult, which were furnished by the Institute of Forensic Medicine 
of the University of Helsinki. 

Cases no. 1 to 60 (Table 1), i.e., those in the second to sixth intra- 
uterine month, were measured from crown to heel and from crown 
to coccyx. Fetuses no. 61 to 81, i.e., those from the seventh intrauterine 
month, and neonates no. 82 to 84 (Table 1) were measured from crown 
to heel, and in addition their weight was determined. In the determina- 
tion of the age of the embryos and fetuses, Mall’s table was used. 

Since part of the material was older and the specimens had been in 
a fixative from a few weeks to several months, parallel investigations 
were carried out with quite fresh material from the corresponding 
intrauterine months, the time of immersion in the fixative varying 
between 24 and 48 hours. The greater part of the fresh material was 
put into fixative immediately upon evacuation, the remainder within 
6 to 12 hours. The very smallest fetuses were put into fixative as such, 
and the pancreas was removed from each one after 24 hours. These 
pancreases were then put into fixative for an addition 24 hours. From 
the rest of the material, the pancreas was removed immediately and 
thereafter kept in fixative for 24 hours. 

About half the specimens of both the older and the fresh material 
were fixed in a 10 % formalin solution, the remainder in Bouin’s fluid. 
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TABLE 1 


Description of Material 


Embryos, Fetuses and Neonates 
Length 


Crown to 


Coccyx,Cm Heel, Cm Months 


2,1 
2.7 
3.4 
3.8 
3.8 
3.8 
4.5 
4.6 
5.0 
5.5 
6.0 
6.0 
6.5 
7.0 
7.0 
8.0 
8.0 
8.0 
8.0 
8.5 
9.0 
9.0 
9.0 
9.5 
9.5 
9.5 
10.0 
10.5 
11.0 
11.0 
11.0 
11.0 
11.5 
12.0 
12.5 
12.0 
12.0 
13.0 
13.0 


Crown to 


2,3 
3.0 
4.0 
4.8 
4.8 
5.0 
5.5 
6.1 
6.5 
7.0 
8.0 
8.0 
8.5 
9.0 
9.5 
10.0 
10.5 
11.0 
11.0 
11.5 
12.0 
12.5 
13.0 
13.0 
13.0 
13.5 
14.0 
14.5 
15.0 
15.5 
16.0 
16.0 
16.5 
16.5 
17.0 
17.5 
18.0 
18.5 
18.5 


Age 


Sex 


RUN EAINES LIAISE SEMIS IE SIE SI este tee tee tne 


Fixative 


10 % Formal. 


Bouin 


10 % Formal. 


Bouin 


10 % Formal. 


Bouin 


10 % Formal. 
10 % Formal. 


Bouin 
Bouin 
Bouin 
Bouin 
Bouin 
Bouin 
Bouin 
Bouin 
Bouin 


10 % Formal. 


Bouin 
Bouin 
Bouin 


10 % Formal. 
10 % Formal. 


Bouin 
Bouin 
Bouin 
Bouin 
Bouin 


10 % Formal. 


Bouin 
Bouin 
Bouin 


10 % Formal. 


Bouin 


10 % Formal. 


Bouin 


10 % Formal. 


Bouin 
Bouin 
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No. 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
CE 
78 
2 
80 
81 


Length 
Crown to 
Coccyx, Cm 


13.0 
14.0 
15.0 
14.5 
15:5 
15.5 
16.0 
16.5 
17.0 
16.5 
17.5 
17:5 
18.0 
175 
19.0 
17.0 
20.0 
19:5 
20.0 
20.0 
21.0 
Weigth 
640 
840 
770 
820 
770 
1 150 
1110 
1 100 
1 120 
1 500 
1 400 
1 560 
1 800 
1 880 
1 820 
1 720 
1 970 
2 030 
1 980 
2 200 
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Crown to 
Heel, Cm 


19.0 
19:3 
20.5 
21.0 
22.0 
22.5 
23.0 
23:5 
23.5 
24.0 
25.0 
26.0 
26.0 
26.5 
27.0 
21.9 
29.0 
29:5 
30.0 
30.0 
30.5 


33.0 
34.0 
34.0 
35.0 
36.0 
31:5 
39.0 
40.0 
41.0 
41.0 
41.5 
42.0 
43.0 
43.5 
43.5 
43.5 
44.0 
44.0 
45.5 
46.0 
47.0 


Age 
Months 
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Fixative 


Bouin 
Bouin 
10 % Formal. 
Bouin 
Bouin 
Bouin 
Bouin 
Bouin 
10 % Formal. 
Bouin 
Bouin 
10 % Formal. 
Bouin 
Bouin 
Bouin 
Bouin 
Bouin 
Bouin 
Bouin 
Bouin 
Bouin 


10 % Formal. 
10 % Formal. 
10 % Formal. 
10 % Formal. 
10 % Formal. 
10 % Formal. 
Bouin 

10 % Formal. 
10 % Formal. 
Bouin 

10 % Formal. 
10 % Formal. 
10 % Formal. 
10 % Formal. 
Bouin 

Bouin 

Bouin 

10 % Formal. 
10 % Formal. 
10 % Formal. 
10 % Formal. 
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Length 
Weigth Crown to Age Sex Fixative 
No. Heel, Cm 
82 2 460 g 48.0 Neonate F 10 % Formal. 
83 2510 2 49.0 » F 10 % Formal. 
84 3 390 g 50.0 » F 10 % Formal. 


In the investigation of the prenatal evolution of connective tissue 
fibers in the pancreas with the abovementioned material, no differences 
related to the fixing agent were observed in the staining of the con- 
nective tissue fibers, if the material was equal in age. In the comparison 
of the older material and the fresh material, on the other hand, a dis- 
tinctly less powerful staining of the former was noticed. For this reason, 
the staining times in the various staining methods had to be somewhat 
increased when older material was treated; this modification yielded 
satisfactory results as compared with the fresh specimens. 

The pancreases from cases of the second and third intrauterine 
month were put into paraffin as such. From each of the largest panc- 
reases, those of fetuses from the fourth intrauterine month and the 
neonates, a piece of caput, corpus, and cauda was taken and put se- 
parately into paraffin. The specimens were prepared in the usual way 
by treating them in a series of ethyl alcohol solutions of rising con- 
centration and additionally in chloroform prior to malding in paraffin. 

Slicing was done in the usual way with a microtome. The thickness 
of the slices was, throughout all preparations, 5 microns. From the 
largest pancreases sections were made separately of each of the portions 
mentioned above, while in the case of the small pancreases serial sections 
were made of part of the material, and the other part was cut into 
longitudinal and transverse sections comprising the whole pancreas. 

Altogether 9 different connective tissue staining methods or va- 
riations thereof were employed in this study. For collagenous tissue, 
the azan method according to Heidenhain and Masson’s hemaulan- 
erythrosin-safranine method were used. Reticulin fibers were stained 
with Rio Hortega’s silver-tannin method (Romeis); Foot’s silver 
impregnation as such (Mallory), and the combined Foot-kernechtrot 
or silver impregnation-kernechtrot method (Romeis). For the staining 
of elastic fibers, Unna’s orcein method and Weigert’s resorcin-fuchsin 
method (Romeis) were employed, as well as the hematoxylin-picroin- 
digocarmine-orcein method (Mustakallio). 
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In addition to these staining methods, a method was used which 
made visible in one and the same preparation the elastic fibers, the 
collagenous fibers, and the reticulin fibers. This comparatively new 
method presented by Lewis and Jones (1951) was particularly appli- 
cable to the work in question, since the authors stated that it is especially 
suitable for investigations of the prenatal evolution of connective tis- 
sue. The results obtained with this method were indeed very good, 
inasmuch as all three types of fibers were stained in the same preparation 
in different colors and so distinctly as to greatly facilitate their inves- 
tigation and their differentiation. In this method, silver impregnation 
was applied according to the method of Foot and, in continuation, 
a treatment with orcein and picroaniline blue. The joint action of this 
procedur was to stain the reticulin fibers black, the elastic fibers brownish 
red, and the collagenous fibers light blue. 

For the microscopic work, a Cooke binocular microscope was 
used, with a Zeiss point-light as the source of illumination. All photo- 
graphs of the preparations were made with the microphotographic 
equipment of the Anatomical Institute of the University of Helsinki. 

The stainability of embryonic tissues differs in many instances from 
that of tissues of adults. This is due to the considerable structural dissim- 
ilarity of the tissues during the initial stages of evolution as compared 
with the corresponding tissues of adults; e.g., the elastic tissue of an 
adult and that of a neonate are remarkably different in their chemical 
composition (Lansing 1951, Le Gros Clark 1952). Moreover, one 
cannot be definitely sure of the accuracy of the result, even with distinct 
staining, as an artificial product brought about by the method employed 
may be in question (Zeiger 1947). On account of these considerations, 
in this work several methods were used for the investigation of each 
type of fiber in the loose connective tissue and the results were compared 
with each other. It was also important to adopt as one of the methods 
in this work a combined staining method (Lewis-Jones) that is specially 
recommended by its authors for use in investigations of embryonic 
connective tissue. The reliability of the results would thus gain through 
the use of a method already found to be good in practice. 

Several of the staining methods were also chosen with a view to 
the possibility of observing the evolution of the pancreatic glandular 
tissue at the same time. Thus, in the definition of the particular type 
of fiber observed in each case, attention was paid, not only to a com- 
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parison of the results with the various staining methods, but also to the 
stage of evolution of the connective tissue in question, its age, the 
structure of the surrounding tissue, and the functions possibly already 
taking place there. 

The basement membrane of the pancreas, particularly in adults, 
was described, among others, by Plenk (1927) and Clara (1936), who 
found it to consist of delicate argyrophilic fibers; in this investiga- 
tion, then, the silver impregnation methods were used for basement 
membrane, and its appearance in connection with all the connective 
tissue staining methods employed was also studied. Bouin’s fluid 
was chosen as one of the two fixing agents, since it is, according to 
Romeis and Grdble, especially suitable for the preservation of embry- 
onic tissues and also particularly adapted to connective tissue inves- 
tigations. The 10 % formalin solution, on the other hand, was chosen 
because use of two fixing agents suitable for connective tissue inves- 
tigations also contributed toward an easier comparison and evalua- 


tion of results. 











PRESENT INVESTIGATIONS 
SECOND INTRAUTERINE MONTH 
(Embryos and fetuses No. 1 to 3) 


On examination of the human pancreas in its stage of evolution 
corresponding to the second intrauterine month, it is found to be 
composed of an abundance of mesenchymal tissue with randomly 
spaced, smaller or larger parenchymal anlages in various stages of evo- 
lution and also some duct anlages. No formations in any way similar 
to the islands of Langerhans or in the act of evolving to such can be 
noticed (Figure 1). 

In the region that actually seems to be the fundamental tissue of the 
ontogenetic phase of the pancreas, the mesenchyma is less rich in cells 
and nuclei than the tissue surrounding this area. Therefore, the con- 
nective tissue staining methods employed in this work make the first- 
mentioned base tissue appear less colored than its environment, while 
the embryonic supporting tissue, the mesenchyma, has a darker stain 
on account of the more closely packed cells. 

The glandular tissue anlages appear in both annular and tubular 
shape, their walls consisting of low, simple cylindric epithelium and 
of acinous cell accumulations, the cells of which are not of the same 
shape in all places but, as a rule, have fairly large nuclei. 

The anlages of excretory ducts also have a single-layer cylindric 
epithelium, but the cells and their nuclei are of a lighter color than the 
cells of the glandular anlages; in addition, the cells are much longer 
and more distinctly cylindric than the first-mentioned. Everywhere in 
the various evolutionary forms, in both the glandular tissue and the 
duct anlages, a powerful proliferation of the cells is observed. 

The basement membrane enveloping the formations of glandular tissue 
anlages and the excretory duct anlages can be made clearly visible by 
silver impregnation (Figure 2). At the same time, argyrophilic fibers 
also become visible in the embryonic supporting tissue; these fibers 
are fairly short, either straight or coiled, and without any orientation. 
In the region of the pancreas proper, in the embryonic supporting tissue, 
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Figure 1 (Embryo No. 2). — Photomicrograph of the pancreas of a embryo 
2.7/3.0 cm in length. Embryonic supporting tissue, glandular tissue and duct 
anlages. Azan staining (Heidenhain). x 170. Cross-section. 





Figure 2 (Fetus No. 3). — Photomicrograph of the pancreas of a fetus 3.4/4.0 cm 
in length. Basement membrane surrounding the glandular tissue anlages. Foot’s 
silver staining. x 910. Cross-section. 
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such fibers are very sparsely distributed, whereas they are encountered 
in rather large numbers in the surrounding area. 

The basement membrane conforms closely to the contour of the 
glandular tissue, and in no place can it be observed to penetrate between 
the cells toward the center of the glandular tissue. In this evolutionary 
period, quite isolated basement membranes, as well as those connected 
with each other by means of fibers, can be observed, depending on the 
contiguity of the various glandular tissue formations. In any place 
where the growth of glandular tissue can be noticed, the basement 
membrane follows smoothly the outermost border of the cell division 
area at the margin of the mother tissue. Correspondingly, the basement 
membrane, which is equally observable at the outer margin of the 
cylindric cell layer of the excretory duct anlages, borders the external 
side of the duct wall where cell proliferation is occurring. 

The fibrous structure of the basement membrane is distinctly visible 
in places (cf., e.g., Plenk 1927), while at other points only a slightly 
thicker and more coherent margin of glandular tissue can be discerned 
in which at many places no fibrous structure whatever is noticeable. 
In those regions of the basement membrane where the fibrous structure 
is noticeable, a delicate network formed by these fibers may already 
be seen at some points, in spite of the apparent parallelism of the fibers. 

A similar fiber network is further observed in places where two 
or several glandular tissue anlages are so closely spaced that their base- 
ment membranes are adjacent or touching. In this case, the fibers of 
the basement membranes are mutually connected and form a network. 

Considering the arrangement of the argyrophilic fibers in the 
pancreas in this evolutionary period as one entity, it may be said that 
a dispersed, though rather incomplete, network of argyrophilic fibers 
already exists all over the pancreas. 

The basement membrane, which appears as a distinct boundary 
between the glandular tissue and the embryonic supporting tissue, or 
between the excretory duct walls and the embryonic supporting tissue, 
and which seems to be the stromatic structure of the glandular tissue 
and the excretory duct, was also stained through all the collagenous 
tissue staining methods employed in this work. The staining was similar 
to that produced in the collagenous tissue fibers by these staining 
methods. However, staining was weaker with all the collagenous tissue 
staining methods than with the silver impregnation methods employed 


| 
| 
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(Figure 3). Of the collagenous tissue staining methods used in this 
work, Heidenhain’s azan method gave the best result. The basement 
membrane, which was stained quite black, e.g., by Foot’s method, 
was stained light blue by azan. As was mentioned before, neither the 
staining obtained with azan nor that obtained with any other collagenous 
tissue staining method can be compared in strength with the result 
achieved by silver impregnation. For this reason, the basement mem- 
brane appeared in several places in these stainings with less contrast 
to its environment (Plenk 1927). 

With azan, a blue stain could also be produced in fibers of the 
embryonic supporting tissue. These fibers, which are sparsely distributed 
in the region of the pancreas proper, are quite similar in this evolu- 
tionary period to the argyrophilic fibers with regard to their shape, 
size, direction, and approximate number. 

For the sake of comparison, the connective tissue staining method 
of Lewis and Jones was used, which, according to the authors of the 
method, indicates by means of combined silver-orcein-picroaniline blue 
staining both the argyrophilic tissue and the elastic and collagenous 
fibers present in the preparation. Even with this method, the basement 
membrane was stained black. On the other hand, the fibers in the 





Figure 3 (Embryo No. 2). — Photomicrograph of the pancreas of a embryo 
2.7/3.0 cm in length. Basement membrane around the glandular tissue and duct 
anlages. Azan staining (Heidenhain). x 390. Gross-section. 
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embryonic supporting tissue acquired mostly a light blue stain, but 
in such a way that fibers with a black stain also occurred in places, 
mostly in the vicinity of the basement membranes and near the blood 
vessels. 

Elastic fibers and elastic tissue are not encountered at all in the 
pancreas in this evolutionary period, not even in the walls of the blood 
vessels. Through the methods by which the elastic fibers and elastic 
tissue are stained red-brown due to orcein, the innermost part of the 
walls of small blood vessels occurring in the pancreas were stained 
light yellow. Consequently, this portion of the blood vessel walls 
contrasted with the other portion consisting of large, fairly round 
cells that silver impregnation shows to be surrounded with delicate 
argyrophilic fibers. With azan staining, these fibers acquired a light 
blue stain. 

With the combined staining method described above, the blood 
vessel walls in the pancreas in this period of evolution were stained 
in accordance with what has already been found on their separate 
staining with silver and orcein. 

Separate collagenous fibers or collagenous tissue are not encountered 
in the pancreas in this period of evolution. However, as was mentioned 
previously, the azan method, for example, brought about a light blue 
staining of single fibers in the embryonic supporting tissue and in the 
walls of the blood vessels encountered in the region of the pancreas. 
Similar staining was observed in the basement membrane of the glan- 
dular tissue anlages and of the pancreatic duct anlages. 

By the combined staining method, again, only the major part of 
the fibers in the embryonic supporting tissue were stained in the way 
characteristic of collagenous fibers. On the other hand, the basement 
membrane everywhere and the fibers in its vicinity, as well as those 
in the vicinity of the blood vessel walls and in the walls proper were 
stained black by silver. The innermost portion of the blood vessel walls 
acquired a yellow hue through staining with orcein. 

At the end of the evolutionary period corresponding to the second 
intrauterine month, nothing is found in the pancreas of the human 
fetus that would be new in comparison with the cases in the act of 
development pertaining to the first half of the second intrauterine 
month. In the course of the growth of the pancreas anlage and the inc- 
rease of glandular tissue there is continuous formation of new base- 
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ment membrane and new fibers of the embryonic supporting tissue, 
the staining properties of which are the same as those of the already 


existing connective tissue fibers. 


THIRD INTRAUTERINE MONTH 
(Fetuses No. 4 to 20) 


During the first half of the third intrauterine month, considerably 
more glandular tissue has been formed than during the preceding period 
of evolution, even considering the fact that the over-all growth of the 
pancreas has also brought about an increase of its embryonic supporting 
tissue. One cannot say, however, that as yet the proportion between 
glandular tissue and embryonic supporting tissue has changed appreci- 
ably in favor of the glandular tissue, even though the existence of this 
tendency can be concluded in places. 

The glandular tissue anlages are still of annular and tubular shape 
and partly acinous. One cannot yet observe any glandular tissue in 
greater, continuous areas; as a rule, the anlages are either quite isolated 
or at the most in clusters of two or three. 

Now even more distinctly visible than during the second intra- 
uterine month are several excretory duct anlages, having the shape 
of a ring or a narrow tube. The wall of these ducts is still similar to 
that observed in the second intrauterine month. With the connective 
tissue staining methods employed, its cells, both the protoplasm and 
the nuclei, are stained to a light color, and they have an oblong, cy- 
lindric shape. The wall is surrounded by a cellular layer, the cells of 
which are so closely packed together that their shape is not easily 
determined. The nuclei of these cells are arranged side by side, nearly 
touching; this produces an effect as if the excretory duct walls made 
up of cylindric cells were encircled by a dark ring. 

The embryonic supporting tissue is of the same kind as during the 
second intrauterine month. The actual shape of the cells can be defined 
not at all or only incompletely. They appear to be oblong. Processes, 
by means of which the cells are in contact with each other, form a 
cellular structure extending all over the area of pancreatic tissue devel- 
opment; this cellular system encircles the glandular tissue anlages as 
a kind of network. Nuclei of oblong, round, or fusiform shape are 
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sparsely visible in the embryonic supporting tissue, and they are app- 
roximately equal in size to the nuclei of the glandular tissue cells. 

No islands of Langerhans or evolving formations indicative of 
them are encountered. In places there are small blood vessels. 

Silver impregnation makes the argyrophilic fibrous structure more 
distinctly visible in this period of evolution (Figure 4). The fibers have 
no clear, uniform direction; in crossing each other or in touching, these 
fibers, usually coiled and of various lengths, form a sparse and in- 
complete network in the embryonic supporting tissue. On the other 
hand, the embryonic supporting tissue surrounding the developing 
pancreas is considerably richer in fibers, but these fibers have every- 
where approximately the same direction. One may say that these fibers 
form a kind of fascicular frame surrounding the developing pancreatic 
tissue. 

Through silver impregnation, the basement membrane becomes evety- 
where distinctly visible, around both the glandular tissue and the duct 
anlages. It is also stained somewhat more powerfully than in the previous 
evolutionary period. 

The fibrous structure of the basement membrane is now also more 
distinct than in the previous month. Nowhere, however, can penetration 





Figure 4 (Fetus No. 6). — Photomicrograph of the pancreas of a fetus 3.8/5.0 cm 
in length. Basement membrane around the glandular tissue and argyrophilic fibers 
in the embryonic supporting tissue. Foot’s silver staining. x 170. 
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of the basement membrane fibers between the glandular tissue cells be 
observed. On the other hand, in numerous places these fibers are in 
contact with the argyrophilic fibers of the embryonic supporting 
tissue, i.e., peripheral from the basement membrane. Moreover, as was 
noted during the previous intrauterine month, fibers of two or several 
basement membranes are connected with each other, if the basement 
membranes are closely spaced or actually touching. A connection 
between two basement membranes by means of the fibers of the embryo- 
nic supporting tissue is also found when there is such a distance between 
the basement membranes that their fibers do not meet, and when there 
is a multitude of argyrophilic fibers in the interstitial embryonic sup- 
porting tissue. Thus, a distinct reticular connection, established by 
different fibers and linking one basement membrane to the other, 
can be observed. 

The basement membrane encircling the excretory duct anlages is 
thicker than in the previous intrauterine month. The fibrous structure 
is very distinct, and numerous fibers diverge from the basement mem- 
brane, away from the duct wall. These join adjacent argyrophilic fibers 
in the interstices of the cellular structure surrounding the wall. Even 
from this basement membrane no fibers can be observed to penetrate 
between the cells of the excretory duct wall toward the duct. 

By means of the collagenous tissue staining methods used in this study, 
the basement membrane is visible, even at this stage, in all places where 
basement membrane occurs. It is stained in the same color, similarly 
to the collagenous fibers or the collagenous tissue, but less strongly 
than the black stain achieved by silver impregnation. However, when 
the combined staining method of Lewis-Jones is used, the basement 
membrane is stained black everywhere. 

With the collagenous tissue staining methods, fibers in the embryonic 
supporting tissue are stained as during the previous month, e.g., blue 
with azan. Likewise, with the combined staining method, fibers in 
closer to the basement membrane and to the walls of the blood vessels 
are stained black, while fibers in the embryonic supporting tissue proper 
are mostly stained blue. 

Correspondingly, the fibers in the tissue surrounding the pancreas 
are stained blue with azan and black with silver impregnation. With 
the use of the combined staining method, these fibers of the evolving 
anlage of the pancreatic supporting tissue capsule are now stained, 
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some blue and some black, without any distinctly noticeable arrange- 
ment. 

In this period there are no actual collagenous fibers, not to speak 
of collagenous tissue, in the walls of the blood vessels occurring in the 
pancreatic tissue area. With azan staining, blue fibers are produced 
in the blood vessel walls. These fibers are similar in size and in every 
other respect to the fibers which have been described elsewhere. With 
silver impregnation, black argyrophilic fibers are made visible around 
the cells in the blood vessel walls. With the combined staining method, 
it is found that especially around the small blood vessels and in their 
walls part of the fibers are blue-staining and part of them black-staining, 
while in the walls of somewhat larger vessels a greater proportion of 
blue-staining fibers is already observed. However, as has been said, 
formations clearly of the type of collagenous fibers cannot be noticed. 

Elastic tissue ot even elastic fibers are not yet encounted in this 
evolutionary period, except in the walls of the blood vessels. In the 
walls of fairly small blood vessels there is produced with orcein a brown- 
ish-red ring of elastic fibers, though in places this ring is not quite 
complete. With Foot’s silver impregnation, this elastic fiber ring is 
stained dark brown and here and there even black (Plenk 1927). With 
azan, this tissue acquires a blue stain as does the collagenous tissue. 
When the combined staining method is applied to the same preparations, 
the elastic tissue ring still has a red-brown color with orcein, even 
though the adjacent fibers are stained partly black with silver and 
partly blue with aniline blue. 

In the embryonic supporting tissue, a few nerve crossections, or 
parts of a longitudinal section of a nerve, can be observed. These are 
surrounded by a thin network of sparsely distributed fibers acquiring 
a blue stain with azan and a black stain with silver. In the combined 
staining procedure, this network is stained black by silver. 

In the second half of the third intrauterine month, the fibrous 
structure of the embryonic supporting tissue continues to increase. 
The staining properties of the fibers are the same as in the previous 
period. The direction of the fibers is arbitrary as a rule, and they are 
coiled and short. However, one begins to notice clearly toward the 
very end of this period that the main orientation of the fibers closely 
adjacent to the glandular tissue, considered as an entity, is parallel to 
the margin of the glandular tissue. Because the fibers are somewhat 
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more closely spaced in this area (Figure 7), one can already see how the 
connective tissue capsule around the clusters of glandular tissue anlages 
begins to take shape. 

In the middle of the third intrauterine month the amount of glandular 
tissue is still nearly equal to that during all the first half of the month 
(Figure 5), but increases considerably toward the end of the month. 
Already at this stage, here and there, larger or smaller glandular islets 
are observed, in which the acini of the exocrine tissue begin to be vi- 
sible side by side, touching each other. So far, however, the major 
part of the glandular tissue anlages is of the kind described before. 

The cellular structure outside the wall surrounding the duct anlages, 
i.e., nearest to the cylindric epithelium, is now made up of numerous 
cells and has thickened considerably, judging from the great number 
of nuclei. The cells no longer seem as closely packed as previously. 

The basement membrane around the glandular tissue has become 
considerably thicker, and its fibrous structure is still more distinct. 
The fibers in the basement membrane are in contact with their environ- 
ment, as has been mentioned. With the increase in glandular tissue, 
the different islets approach each other in spite of the over-all growth 





Figure 5 (Fetus No. 14). — Photomicrograph of the nancreas of a fetus 7.0/9.0 cm 
in length. Glandular tissue anlages and embryonic supporting tissue. Azan staining 
(Heidenhain). x 170. 








Figure 6 (Fetus No. 13). — Photomicrograph of the pancreas of a fetus 6.5/8.5 cm 
in length. Argyrophilic fibers in the embryonic supporting tissue. Basement mem- 
branes around the glandular tissue anlages. Foot’s silver staining. x 360. 


of the pancreas: however, the fibers network is seen over a wider 
region, and it takes on a more compact texture (Figure 6). 

In this period of evolution, the basement membranes are fairly 
large, continuous formations (Figure 6), because the glandular tissue 
islets tend to form larger, more continuous areas due to the rapid pro- 
liferation and evolution of their cells. In these regions the acini are 
not yet completely separated, except in a few places. Thus, the basement 
membrane surrounds in each case a whole separate cluster of glandular 
tissue anlages. The appearance of the basement membrane differs 
according to whether new tissue is being formed in an area or not. 
Either the basement membrane follows the contour of the new glandular 
tissue developing as a bulge in the wall of the mother tissue, thus also 
growing larger, or it may remain squeezed in between two glandular 
bulges, being then somewhat reduced in extent. 

The basement membrane around the glandular tissue, as well as 
that around the duct anlages, is stained by the collagenous tissue stain- 
ing methods and by the combined staining procedure as described 


previously. 
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In this period also, new formations begin to appear in the pancreas. 
In the pancreas of a fetus 8.5 cm in length (fetus no. 13) single cells, 
as well as small clusters of cells, can be observed. The plasma and 
nucleus of these are stained by azan, and correspondingly with all the 
other staining methods to a darker shade than their surroundings; 
for instance, with azan they acquire a dark violet stain. Moreover, 
these cells are slightly larger than those of the glandular tissue, or at 
least they appear somewhat larger on account of their enhanced con- 
trast with their surroundings due to their stronger stainability. 

Such cells, and particularly cell clusters, occur among the cells of 
the glandular tissue, forming, a distinct area of a darker shade; these 
cells also occur singly in the embryonic supporting tissue. A study 
of the preparations made from the pancreases of the next seven fetuses 
(fetuses no. 14 to 20) shows that these formations are continuously 
growing and multiplying. Such formations occur chiefly in the caudal 
part of the pancreas, but also in much smaller numbers elsewhere. 

In the pancreas of a fetus 11.5 cm in length (Figure 7) one may 
notice distinctly that these formations are obviously in the act of devel- 
oping to the islands of Langerhans. Burkl (1949) observed in the pan- 
creas of a human fetus during the fourth intrauterine month, in the 





Figure 7 (Fetus No. 20). — Photomicrograph of the pancreas of a fetus 8.5/11.5 cm 

in length. Glandular tissue islets with dark cells, isolated and in clusters. Dark cells 

are also seen in the embryonic supporting tissue, where fibrosity is stronger in the 
narrow interstices of the islets. Azan staining (Heidenhain). x 360. 
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developing islands of Langerhans, a great number of cells in which 
upon silver impregnation silver granules were found, so that the 
islands contrasted distinctly with their environment. If silver impregna- 
tion is applied to the preparations made ofthe pancreases belonging 
to the end of the evolutionary period corresponding to the third intra- 
uterine month, the same phenomenon is observed in the dark cell 
clusters mentioned above. 

Around these formations, no basement membrane is encountered, 
neither with the collagenous tissue staining methods nor upon silver 
impregnation. On the other hand, silver impregnation reveals in quite a 
few places around these islands a more or less incomplete capsule made 
up of argyrophilic fibers and having a wall thickness equal to two 
or three fibers. 

In the last case no basement membrane can be discerned, or at 
least it differs considerably from the normal type of basement membrane 
by virtue of its incompleteness. In addition, this network is much 
less compact and penetrates, in places, into the island proper, where 
it is seen as small fascicles between the cells of the island. The larger 
islands in particular are bordered by a narrow cellular layer which, on 
account of the shape of its cells, seems to be a structural part of the 
island. It is around this layer that the incomplete, argyrophilously 
staining capsule is observed (e.g., Clara 1925 and 1931, Otani 1927). 

In this period, by the collagenous tissue staining methods only here 
and there are some fibers in this capsule, made faintly visible. The 
Lewis-Jones procedure reveals a distinct argyrophilic connective tissue 
capsule, as did the silver impregnation procedure. 

The elastic tissue in the walls of the blood vessels is not much different 
from that during the first half of the third intrauterine month, insofar 
as the small blood vessels are concerner. On the other hand, in the 
walls of the larger blood vessels in the vicinity of the pancreatic glandular 
tissue, the elastic tissue begins to take definite shape as the inner and 
outer elastic membranes in the arteries and as dense networks of elastic 


tissue in the veins. 
Elastic fibers appear for the first time outside the blood vessel walls 


in the region of the pancreas. In the pancreas of a fetus 10 cm in length 
(fetus no. 16), in the outer part of the largest excretory duct, the pan- 
creatic duct, fibers stained brownish-red by orcein are seen (Figure 8). 
These fibers are situated in the outer part of the capsular supporting 














31 





Peis $ 2% 


Figure 8 (Fetus No. 16). — Photomicrograph of the pancreas of a fetus 8.0/10.0 cm 

in length. Cross-section of the pancreatic duct. Fibers parallel with the basement 

membrane are discernible in the outermost part of the connective tissue supporting 
structure of the duct. Lewis-Jones staining method. x 240. 


ring formed from the embryonic supporting tissue encircling the 
pancreatic duct; they are coiled and of various lengths, mostly fairly 
short. 

In the same areas may also be found a few thicker fibers that are 
two or three times as long as those usually encountered here. Moreover, 
they occur in small groups. Their number is, however, very small in 
comparison with that of the abovementioned delicate elastic fibers, 
which are arranged around the outermost part of the connective tissue 
wall of the pancreatic duct so as to form an incomplete ring encircling 
the duct. 

From this ring, there are also connections here and there toward 
the cylindric cell wall of the duct, inasmuch as between this wall and 
the arrangement of elastic fibers in the outermost part small elastic 
fibers are seen, though they are fewer than in the periphery and are 
without any orientation. Thus, it is possible to observe in these regions, 
the first beginnings of the subsequent formation of an elastic fiber 
network. 

Between the acinar islets formed by the glandular tissue, in the 
immediate vicinity of the points where longer and thicker elastic fibers 
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are found in the peripheral connective tissue wall of the pancreatic 
duct, a few groups of elastic fibers can be seen that are connected with 
the elastic fibers in the pancreatic duct wall. 

A study of the nerve cross-sections in the pancreas at this period 
of evolution reveals here and there, in the thin capsule surrounding 
the nerve, some elastic fibers, sparsely distributed among black, ar- 
gyrophilic fibers. 

As can be concluded from the existence of the incomplete elastic 
fiber ring, a distinct, fairly large capsule is now being formed around 
the pancreatic duct. In addition to the elastic tissue, a strong, fairly 
abundant mass of argyrophilic fibers extending from the basement 
membrane is made visible. These fibers either commence partly in 
the basement membrane or exist in the portion of the duct wall that 
is developing to form the connective tissue capsule. Here, the fibers 
run freely in all directions, forming a dense network. The peripheral 
part of the duct capsule, where elastic fibers are encountered, also 
contains an abundance of argyrophilic fibers. Their orientation is 
the same as that of the elastic fibers, i.e., encircling the duct. Conse- 
quently, a ring of argyrophilic fibers has formed here in addition to 
the elastic fiber ring. 

By the combined staining procedure, moreover, fibers in the 
connective tissue capsule of the pancreatic duct can be stained blue 
by aniline blue. Such fibers without any particular arrangement are 
observed both in the periphery of the capsule and elsewhere in this 
region. These fibers are, however, still very few everywhere. 

With azan staining, a distinct blue-stained connective tissue capsule 
is brought to view around the pancreatic duct. Nearest to the basement 
membrane of the duct, i.e., to its cylindric cell wall, the connective 
tissue capsule is richer in cells and poorer in fibers, this condition 
being reversed toward the periphery. Because of the density of the fibers, 
the capsule is stained a stronger blue in its peripheral part than else- 
where. No definite boundary can, however, be seen between this bluer 
section and the surrounding tissue. The stronger staining, particularly 
in places richest in fibers, reveals a bluish annular formation having 
vague boundaries and contrasting with its environment in the peri- 
phery of the connective tissue capsule. 

Fibers stained by the collagenous tissue staining methods occur in 
considerable abundance in the embryonic supporting tissue, between 
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the glandular tissue anlages and the duct anlages. Combined staining 
reveals them there already in a greater number than the argyrophilic 
fibers. Collagenous fibers also begin to be visible here and there, in 
the shape of separate, narrow fascicles in the midst of the fibers of the 
embryonic supporting tissue. In places where embryonic supporting 
tissue exists between two adjacent, already considerably developed 
and increased clusters of glandular tissue anlages, developing colla- 
genous tissue is visible due to the fairly numerous collagenous fibers 
occurring there. 


FOURTH INTRAUTERINE MONTH 
(Fetuses No. 21 to 41) 


During the first half of the fourth intrauterine month, glandular 
tissue, excretory ducts, and islands of Langerhans are formed in the 
human pancreas in considerably greater amount than during the preced- 
ing period of evolution. At the same time, the over-all size of the pan. 
creas has increased, as has the amount of embryonic supporting tissue- 
Consequently, one cannot, so far, draw conclusions from any change 
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Figure 9 (Fetus No. 32). — Photomicrograph of the pancreas of a fetus 11.0/16.0 cm 
in length. Glandular tissue islets and embryonic supporting tissue. The arrows in- 
dicate larger duct anlages. Azan staining (Heidenhain). x 170. 
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in their mutual proportion as compared with the previous month 
(Figure 9). 

Everywhere in the glandular tissue powerful cell proliferation is 
still seen, signifying the formation of new tissue. Toward the end of 
this evolutionary period, the glandular acini are already to a large 
degree developed to separate units. They form large islets with 10 to 
12, in some places even more, acini approximately equal in size. These 
islets are separated by the embryonic supporting tissue in which the 
number of fibers has also increased; staining of these fibers with the 
collagenous tissue and silver staining methods gives the same result 
as in the preceding period of evolution. 

The basement membrane is now also stained black or dark brown 
by silver, and like the collagenous tissue when stained by the colla- 
genous tissue staining methods. As has been said before, the base- 
ment membrane appears very distinct and in great contrast parti- 
cularly when stained with silver. This characteristic can be noticed 
in the basement membrane both of the glandular tissue and of the 
excretory ducts. 

On study of the cross-sections of the largest excretory ducts, and 
especially of their developing connective tissue capsule, several types 
of formations are observed: First, a few normal sparsely distributed 
acini of the glandular tissue are seen which do not differ in any respect 
from the acini of the actual glandular tissue outside this connective 
tissue capsule. These acini are surrounded by a basement membrane 
which is stained similarly to basement membrane in general. 

Secondly, there are larger and smaller annular formations observable 
in the connective tissue capsule of the excretory ducts; their walls 
consist of cylindric cells acquiring a light stain. Obviously, these are 
cross-sections of smaller ducts, since it is possible to notice in some 
places that such a formation is connected with the duct proper, both 
having one common wall extending on both sides of the duct lumen. 
Such separate excretory ducts as are visible in this area have their own 
basement membrane, as usual. On the other hand, ducts having a com- 
mon wall with the large excretory duct have a common basement 
membrane with this duct. Thus, the basement membrane continues 
without interruption at the margin of the cellular wall; after encircling 
the wall of the smaller duct, it continues along the wall of the large 


duct. 
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Figure 10 (Fetus No. 21). — Photomicrograph of the pancreas of a fetus 9.0/12.0 cm 

in length. Duct anlage and glandular tissue islets surrounded by basement membrane 

in which the fiber system has been stained argyrophilously. Foot’s silver staining. 
x 360. 


In a cross-section of this kind, it seems as if the wall of the pancreatic 
duct proper has developed bulges in some places, with the basement 
membrane following these bulges and being stretched like a rubber 
band (Figure 10). 

Thirdly, in the connective tissue capsule of the pancreatic duct 
walls, there occur small islands of Langerhans and very few larger ones. 
Similarly, as elsewhere in the region of the pancreas, no basement 
membrane whatever can be observed around these islands. However, 
the collagenous tissue staining methods reveal some fibers around them, 
while the silver staining methods make visible a connective tissue capsule 
made up of argyrophilic fibers. 

In the first half of the fourth intrauterine month, it is found that 
the basement membrane surrounding the glandular tissue is still a rather 
large and continuous formation, due to the fact that the glandular acini 
have not yet dispersed. At about the middle of this evolutionary period, 
however, considerable development takes place, and a basement mem- 
brane, as a rule, is seen around the smaller and larger single acini. 
Therefore, such extensive formations as were described above are now 
rarely encountered (Figures 11 and 12). The amount of argyrophilic 
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Figure 11 (Fetus No. 21). — Photomicrograph of the pancreas of a fetus 9.0/12.0 cm 

in length. Glandular tissue, in which the acini are still connected with each other 

and contain a comparatively large basement membrane. In the center is seen in the 

embryonic tissue an island of Langerhans with a capsule made up of argyrophilic 
tissue. Foot’s silver staining. x 360. 





Figure 12 (Fetus No. 31). — Photomicrograph of the pancreas of a fetus 11.0/16.0 cm 

in length. Glandular tissue acini surrounded by basement membrane, now more 

abundant after separation of the acini. A small island of Langerhans is in the lower 
left corner. Foot’s silver staining. x 360. 
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fibers made visible by the silver staining methods in these basement 
membranes and their vicinity is already fairly high. 

The islands of Langerhans are found in great numbers, as has 
been mentioned. They are of varying size, and everywhere a more or 
less complete capsule made up of argyrophilic fibers can be made 
visible by the silver staining methods. In many places, fibrous fascicles 
depart from the capsule into the island proper and there may connect 
with each other to divide the cells of the island into small islets of 
varying size. The capsule is connected with other argyrophilic fibers 
in its environment, with both fibers of the embryonic supporting tissue 
and those of basement membranes in the vicinity of the individual 
island. Similarly, the fibers of the capsules of two islands lying very 
close to each other are linked at their most nearly adjacent points. 

Here and there, independent islands of Langerhans, i.e., islands 
apparently isolated from the glandular tissue, occur in the embryonic 
supporting tissue (Figure 11). These islands are also surrounded by 
a distinct capsule rich in fibers, from which fibrous fascicles go off 
into the inner parts of the island. On account of this, it can be claimed 





Figure 13 (Fetus No. 25). — Photomicrograph of the pancreas of a fetus 9.5/13.0 cm 

in length. In the center of the photograph is seen an island of Langerhans in the act 

of evolution; only a few collagenous fibers are encountered in its environment. 

Higher to the left of the island is a small excretory duct. Azan staining (Heidenhain). 
x 910. 
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Figure 14 (Fetus No. 27). — Photomicrograph of the pancreas of a fetus 10.0/14.0 

cm in length. Cross-section of the pancreatic duct, with argyrophilic basement 

membrane and with elastic fibers in the periphery of the capsule of the duct. Ar- 

gyrophilic basement membrane around the glandular acini. Lewis-Jones staining 
method. x 170. 





Figure 15 (Fetus No. 27). — Photomicrograph of the pancreas of a fetus 10.0/14.0 

cm in length. Part of the connective tissue capsule of the pancreatic duct, the argyro- 

philic basement membrane and elastic fibers in the periphery of the capsule are 

shown. Between these and the: basement membrane are argyrophilic fibers and 
a few elastic fibers. Lewis-Jones staining method. x 650. Cross-section 
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Figure 16 (Fetus No. 28). — Photomicrograph of the pancreas of a fetus 10.5/14.5 

cm in length. Longitudinal section of part of an excretory duct. Sparsely distributed 

elastic fibers are discernible in the periphery of the capsule of the duct. The base- 

ment membrane and the fibers departing from it in places are argyrophilic. Lewis- 
Jones staining method. x 170. 


as evident that the connective tissue capsule surrounding the islands 
of Langerhans is not formed, at least not in all cases, of the fibers of 
the basement membranes belonging to the terminal nodes of the neigh- 
boring glandular tissue (Clara 1936). 

As before, with the collagenous tissue staining methods used in this 
study, only very few fibers can be made visible around the islands of 
Langerhans situated in the embryonic supporting tissue or in the midst 
of the actual exosecretory glandular tissue. The same result was obtained 
in the case of the islands of Langerhans in the connective tissue capsule 
of the pancreatic duct (Figure 13). 

Elastic fibers now occur in the periphery of the pancreatic duct 
connective tissue capsule somewhat more profusely than in the preced- 
ing month; but one cannot yet speak of actual elastic tissue in this 
period (Figures 14, 15 and 16). The elastic fibers surrounding the nerves 
have also somewhat increased, though not to an equal extent every- 
where. No elastic tissue, however, can be discerned; actually only 
randomly spaced single fibers are seen. 


ed eee eee 


= 


“ 





Ste an 5 


e 


a mA as 4 ORnrn 





Collagenous tissue is observed distinctly in the periphery of the con- 
nective tissue capsule of the pancreatic duct as well as around the 
largest excretory ducts, though only sparsely in these places (Figure 17). 
The collagenous tissue around the pancreatic duct is already fairly 
compact and dense. In the shape of an annular frame, it clearly sepa- 
rates the pancreatic duct from the surrounding tissue. The collagenous 
fibers are seen, on closer scrutiny, to be oriented tangentially to the 
duct wall. However, because of their short length and their abundant 
number everywhere in the environment of the duct, they form a distinct 
ring in the periphery of its connective tissue capsule. 

This collagenous tissue ring in the periphery of the capsule is of 
greater stainability in its outermost part, due to the greater density of 
its fibrous structure. The stainability and the density of structure 
decrease toward the center. About halfway across the duct capsule, at 
this stage, the collagenous tissue ring disappears almost completely 
and only very few fibers are seen which do not display any uniform 
orientation. 

Argyrophilic tissue is now encountered in considerably greater 
amount, as was mentioned in the description of the basement membrane. 





Figure 17 (Fetus No. 33). — Photomicrograph of the pancreas of a fetus 11.5/16.5 cm 
in length. Glandular tissue and embryonic supporting tissue. Collagenous fibers 
around the excretory ducts. Azan staining (Heidenhain). x 170. 
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Figure 18 (Fetus No. 41). — Photomicrograph of the pancreas of a fetus 14.0/19.5 
cm in length. Glandular tissue islets and embryonic supporting tissue. Azan staining 
(Heidenhain). x 170. 


This increase is due to the corresponding quantitative increase of the 
basement membrane in the course of the separation of the glandular 
acini. The density of the argyrophilic fibrous structure in the interstices 
of the glandular tissue islets is, practically, about equal to that at the 
end of the third intrauterine month. 

During the latter half of the fourth intrauterine month, the evolution 
of the glandular tissue and its quantitative increase continue, so that 
at the end of this evolutionary period one may say that the glandular 
tissue is already slightly more abundant than the surrounding and 
interstitial embryonic supporting tissue (Figure 18). 

Glandular acini are now more numerous in the glandular anlage 
clusters, or glandular islets as they have been called in this connection; 
about 20 acini are seen in each glandular islet. These glandular islets 
are surrounded by embryonic supporting tissue, though in a thinner 
layer than previously. In this evolutionary period, it is found that the 
acini, i.e., the terminal nodes, are fairly distinctly separated from each 
other, with embryonic supporting tissue serving as a narrow fibrous 
partition. 
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In this period, the distinctly observable quantitative increase of all 
connective tissue fibers parallels the increase in size of the pancreas 
itself. Otherwise, noting of really new import can be observed in 
regard to the development of the various types of connective tissue, 
with one exception: Elastic fibers are now found again, in a place where 
no such fibers have been previously noticed during this investigation. 
In the vicinity of the large blood vessels, the excretory ducts, and the 
nerves, elastic fibers occur either in various formations or sparsely and 
fairly isolated. Particularly around the excretory ducts, but also around 
the nerves and blood vessels (especially the veins, though only in some 
places), fibers are seen to branch off from these elastic fiber formations 
into their surroundings, sometimes as thick fascicles, sometimes as 
groups equalling a few fibers in thickness. In places, these elastic fibers 
may penetrate far into the interstices of the glandular tissue islets in 
the embryonic supporting tissue. 

In some places a quite distinct connection due to the conditions 
described is observed between the connective tissue walls of two 
neatly adjacent excretory ducts. In this case, the fibrous formations 
appearing as extensions to the fibers of the fibrous formations in each 
periphery are directed toward each other, and the fibrous fascicles and 
the fiber networks may meet here and there. In this way a common 
elastic fiber network between both ducts is formed. 

Such fusing of the elastic fibers to fascicles and networks is also 
encountered between the connective tissue capsules of two nerves, if 
they happen to be nearly adjacent. Similarly, more than two ducts (so 
far, only the pancreatic duct and the largest excretory ducts are con- 
cerned) of the same type, or more than two nerves may be so close 
to each other that the elastic fiber fascicles or networks arriving from 
several directions are joined together. Furthermore, it may be observed 
that the elastic fibers of some excretory duct, i.e., the fibers departing 
from its periphery, can come so close to the corresponding elastic 
fiber network or fascicle of a nerve that a rigid »elastic fiber connection» 
is formed between the duct and the nerve. 

The finding of the connection between the elastic fibers in the various 
elastic fiber formations should not be understood to imply that a con- 
tinuous network of elastic fibers extending throughout the pancreas 
has been formed as well. On the contrarv, this phenomenon is fairly 
rate; mostly only isolated bunches of elastic fibers are encountered in 
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the embryonic supporting tissue in the interstices of the glandular 
tissue; all of them, it is true, have a clearly defined starting point in 
some formation of elastic fibers, yet most of them terminate as isolated 
formations becoming gradually less abundant in the embryonic sup- 


porting tissue. 


THE FIFTH INTRAUTERINE MONTH 
(Fetuses No. 42 to 53) 


During the fifth intrauterine month, in the course of a further 
growth of the glandular tissue (Figure 19), the embryonic supporting 
tissue begins increasingly to change its character. While fairly uniform 
throughout during the preceding periods of evolution, i.e., with fibers 
occurring rather sparsely here and there and their more abundant 
formation taking place gradually in a few places, this development now 
takes on a much stronger trend. The total amount of argyrophilic 
and collagenous fibers between the glandular tissue islets increases 
considerably. Because of the greater number of fibers and their now 
greater stainability with the various connective tissue staining methods, 
the actual connective tissue capsule surrounding the glandular tissue 
islets begins to take on a more distinct shape in the embryonic 
supporting tissue. 

However, it is rather difficult to say whether this greater distinction 
of the capsule around the glandular tissue islets is due to an increase 
of fibers in the embryonic supporting tissue. It seems probable that 
another equally or even more powerful factor is the growth of the 
pancreatic tissue and particularly the great increase in its glandular 
tissue. In this process, the increasing glandular tissue islets compress 
the surrounding connective tissue in their interstices into a smaller 
and narrower space. The fibers of the embryonic supporting tissue thus 
approach each other more and more; certainly, this is partly responsible 
for their higher stainability, although here, in the course of evolution, 
their maturing to the »full-grown» state must naturally also be taken 
into account as an important factor. 

In addition, it should be mentioned that within the glandular islets 
can be observed small glandular tissue islets formed of a few glandular 
acini which also are surrounded by narrow embryonic supporting tissue 
fascicles. The amount of such fascicles seems to be declining with 
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Figure 19 (Fetus No. 50). — Photomicrograph of the pancreas of a fetus 17.5/25.0 
cm in length Embryonic supporting tissue and glandular tissue. Azan staining 
(Heidenhain). x 170. 


progressing evolution, and their stainability grows weaker rather than 
more powerful. Similarly, the number of fibers in such places in the 
embryonic tissue has not increased. 

Now, at the end of the fifth intrauterine month, the glandular 
tissue islets are already so large that each contains about 100 glandular 
acini instead of the former 20. 

In the glandular acini so-called centroacinar cells are clearly observ- 
able. Furthermore in addition to numerous small excretory ducts which 
already occur abundantly everywhere, connecting tubes can be seen. 
These are very narrow ducts with walls made up of light-colored cubic 
cells. The number of the islands of Langerhans has also increased, 
particularly in the caudal part of the pancreas (Opie 1900). 

If attention is paid to the amount of embryonic supporting tissue 
in the various parts of the pancreas, now that dimensions of this tissue 
begin to be such as to give a clear conception of its different parts, its 
proportion as compared with the glandular tissue is observed to be 
the same everywhere. At least no distinct deviations from this relation 
are found anywhere; the evolution thus seems to be quite uniform 
in this respect throughout the pancreas. 
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The basement membrane is made visible by the same staining methods 
as previously. A basement membrane surrounding the connecting tubes 
can now also be observed. The basement membrane follows the wall 
of a connecting tube right up to the glandular acinus or terminal node, 
where it fuses with the basement membrane of the acinus while the 
connecting tube continues into the acinus without basement membrane. 
In a few places, one may observe that the »centroacinar» cells are also 
surrounded by a delicate cement layer stained by silver that separates 
them from the surrounding glandular cells. 


The argyrophilic tissue is strengthened and increases with the course 
of the increase and growth of ducts and glandular tissue (Figure 20). 
Similarly, the amount of fibers in the embryonic supporting tissue shows 
some increase, particularly nearer to the duct walls, in the interstices 
of the glandular tissue, and around the connective tissue capsule of 
nerves. Probably, however, this increase of the fibers is partly only 
an apparent one, as was noticed above. Their stronger staining, or rather 
their better observability, is probably due to their compression into 
smaller space between the large islets formed by the glandular tissue. 
Naturally, the contribution of an increase and a maturation of the fibers 
cannot be completely excluded. 


The strengthening of the argyrophilic fibrous stroma around the 
islands of Langerhans is now also distinctly noticeable. In many places 
around the islands a network of argyrophilic fibers is visible, where 
fibers in considerable numbers cross in all directions. The mesh of the 
network thus formed is very small (Figure 21). From this network, 
numerous processes extend into the interior of the islands. As more 
or less strong fibrous fascicles and partly even as formations similar 
to a network, they may divide the island into several smaller parts, 
though incompletely as a rule. Cells of the island lying close to their 
course may also be isolated to cellular fascicles. 


In the same way, processes depart from the reticulin fiber capsule 
of the islands of Langerhans on its external side, but in extraordinarily 
greater number than into the interior of the islands. These connect 
everywhere with the surrounding argyrophilic fibers and with their 
networks. The latter are found around closely adjacent glandular tissue 
islets and acini, as well as nerves, blood vessels, and excretory ducts. 
In this way, a reticular network comprising the whole pancreas, of 








Figure 20 (Fetus No. 53). —- Photomicrograph of the pancreas of a fetus 17.5/26.5 

cm in length. Abundant argyrophilic fibers in the embryonic supporting tissue. 

Basement membranes around the glandular acini. Around the islands of Langerhans 

(with strong silver granulation in the cells) is a capsule of argyrophilic fibers from 

which fibrous fascicles depart into the interior of the islands. Foot’s silver staining. 
x 360. 





Figure 21 (Fetus No. 53). — Photomicrograph of the pancreas of a fetus 17.5/26.5 

cm in length. In the lower right corner is part of an island of Langerhans. The con- 

nective tissue capsule is clearly visible, as well as the fibrous fascicles penetrating 

from the capsule into the interior of the island. Elsewhere are seen glandular acini 

and their basement membranes, the fibrosity of which is also evident in some places. 
Foot’s silver staining. x 910. 
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still greater density and fairly high uniformity,yet of varying mesh 
size, has now been developed. 

The amount of co//agenous fibers in the embryonic supporting tissue 
increases further during the fifth intrauterine month. Similarly, the 
collagenous tissue formations around the excretory ducts (Figure 22) 
and the blood vessels and nerves are strengthened. With regard to the 
collagenous tissue, nothing of special significance or differing from 
what has been said above can be noticed in this period. 

Elastic tissue is now distinctly encountered around the pancreatic 
duct and the larger excretory ducts. The amount of elastic fibers has 
grown so great that a continuous network of elastic fibers, although 
still with fairly few and rather large meshes, extends over all the peri- 
pheral part of the connective tissue capsule of the duct. From this, 
in some places fibers depart toward the duct, as well as away from the 
connective tissue capsule. Even around the smaller excretory ducts 
elastic fibers can be seen (Figure 23). They encircle the connective 
tissue capsule of the duct in its peripheral part, and in several areas 
they begin to form something amounting to a network. 





Figure 22 (Fetus No. 52). — Photomicrograph of the pancreas of a fetus 18.0/26.0 
cm in length. In the center is an excretory duct surrounded by a connective tissue 
capsule with an abundance of collagenous fibers. In addition, glandular tissue islets 
and embryonic supporting tissue are discernible. Azan staining (Heidenhain). x 170. 

Cross-section. 
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Figure 23 (Fetus No. 50). — Photomicrograph of the pancreas of a fetus 17.5/25.0 


cm in length. In the center are small excretory ducts with elastic fibers in their con- 
nective tissue capsules. Lewis-Jones staining method. x 170. 





Around the nerves, more elastic fibers are found than previously. 
In some places in the connective tissue capsules of the nerves, fibers 
can be seen in such numbers that one may speak of elastic tissue occur- 
ring there. 


SIXTH INTRAUTERINE MONTH 
(Fetuses No. 54 to 60) 


During the sixth intrauterine month, clearly noticeable changes occur 
in the proportion of the pancreatic glandular tissue to its embryonic 
supporting tissue. At the end of this evolutionary period one may 
still speak of glandular tissue islets, but their size is now of quite another 
order of magnitude as compared with the previous month. Together 
with the intervening narrow fascicles of embryonic supporting tissue, 
they form large areas to which a number of glandular tissue islets are 
loosely attached by means of the embryonic supporting tissue. These 
large clusters of glandular tissue islets are surrounded by a somewhat 
thicker fascicular connective tissue formed of the embryonic supporting 
tissue and the fibers therein. This tissue has, however, not yet taken 
clear shape in all places. 
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Here and there, the embryonic supporting tissue, with its fibers 
becoming more numerous, begins to form fascicles branching off star- 
like into the interstices of the glandular tissue. The center of such a star- 
shaped configuration is usually of larger size, and blood vessels, nerves, 
and excretory ducts are seen to run there. The fascicles departing from 
here into various directions become gradually narrower, and they 
separate the glandular tissue areas from each other. The smaller and 
narrower secondary fascicles branching off from these larger fascicles 
divide the islet clusters of the glandular tissue areas into smaller parts 
(Figure 24). 

No distinct difference in the arrangement and distribution of the 
connective tissue, as compared with the glandular tissue, can be noticed 





Figure 24 (Fetus No. 59). — Photomicrograph of the pancreas of a fetus 20.0/30.0 
cm in length. Glandular tissue islets have formed large areas bordered by broad 
connective tissue fascicles. Azan staining (Heidenhain). x 170. 


in the various parts of the pancreas at this period of evolution. Only 
in the caudal portion of the pancreas, where the islands of Langerhans 
are obviously more abundant than elsewhere, does a somewhat different 
situation arise with regard to the proportion of glandular tissue and its 
supporting connective tissue. This does not mean that there is more 
connective tissue in the caudal portion of the pancreas than elsewhere ; 
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but since the islands of Langerhans are more numerous in this part, 
the particular network of argyrophilic tissue surrounding them is also 
more copiously represented here. 

The connective tissue surrounding the pancreas seems to have 
developed from an embryonic supporting tissue similar to the embryonic 
supporting tissue surrounding the glandular tissue in the pancreas 
proper. No actual border between the supporting tissue on the surface 
of the pancreas and that in the interstices of the glandular tissue islets 
and areas can be observed to exist. On the contrary, it seems as if the 
entire structure consists of one and the same embryonic supporting 
tissue stroma. The fibrous structure is not as strong on the surface of 
the pancreas as in the embryonic tissue in the region of the glandular 
tissue and, therefore, appears less colored by the various staining me- 
thods used in this study. In places, however, the outermost margin of 
this developing loose connective tissue capsule that surrounds the 
pancreas is richer in fibers. The general orientation of the fibers is clearly 
parallel to the surface of the gland, so that here a distinct, darker capsular 
zone is seen on the surface of quite loose tissue. 

Everywhere in the embryonic supporting tissue, including the 
loose connective tissue surrounding the pancreas, one can find that the 
stainability of the fibers is nearly the same as before. However, in the 
actual embryonic supporting tissue surrounding the glandular tissue 
areas the amount of collagenous fibers is considerably increased, with 
a cotresponding strengthening in stainability by the collagenous tissue 
staining methods. Thus, e.g., with the azan method, the connective 
tissue fascicles in the interstices of the glandular tissue appear in a rather 
clear blue. Similarly, the outer part of the connective tissue layer sur- 
rounding the pancreas is now stained a considerably deeper blue than 
the other part of this tissue. 

The amount of basement membrane has increased, and its argyro- 
philousness has also become stronger. A nearly complete argyrophilic 
connective tissue network with similar mesh has now been formed 
all over the pancreas (Figure 25). With the collagenous tissue staining 
methods, it is found that the stainability of the basement membranes 
is less powerful than it was previously with these methods. For instance, 
the azan method makes the basement membranes considerably less 
distinctly visible, particularly around the glandular acini, i.e., the ter- 
minal nodes. They are now stained light-blue, whereas previously 
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Figure 25 (Fetus No. 60). — Photomicrograph of the pancreas of a fetus 21.0/30.5 cm 

in length. The argyrophilic tissue in the pancreas: basement membrane around the 

glandular acini and argyrophilic fibers in the supporting tissue. In the upper center 
is an island of Langerhans. Foot’s silver staining. x 360. 


they were dark blue throughout. A darker staining of the basement 
membrane is observable in some places, but in general conditions are 
as described. 

The connective tissue network around the islands of Langerhans 
which surrounds them as an incomplete capsule and acquires a very 
strong argyrophilic stain, is made somewhat more visible than before 
by the corresponding staining methods. E.g., the network or connective 
tissue capsule that is made visible by silver staining now appears in 
a very light blue color with azan. Similarly stained are the connective 
tissue fascicles that penetrate from this capsule into the islets, frequently 
dividing them, though as a rule not completely, into quite a number 
of smaller islets. 

The network around the large excretory ducts made up of elastic 
fibers grows in density and acquires a stronger stainability (Figure 26). 
In the periphery of the excretory ducts a quite distinct annular elastic 
tissue capsule made up of elastic fibers has been formed. The elastic 
fibers there are relatively large and thick and, as a rule, so oriented that 
they encircle the excretory duct in the peripheral part of its connective 
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Figure 26 (Fetus No. 58). — Photomicrograph of the pancreas of a fetus 20.0/30.0 cm 
in length. Cross-section of the pancreatic duct near the apex of the caput. A strong 
elastic fiber ring is visible in the periphery of the capsule of the duct. The small rings 
ate cross-sections of smaller excretory ducts. Lewis-Jones staining method. x 170. 


tissue capsule. From this elastic tissue ring, which is made to appear in 
distinct contrast with its environment with orcein by the Lewis-Jones 
staining method, a great number of elastic fibers depart toward the 
duct. These fibers are of varying direction and are not as thick as those 
in the elastic tissue encircling the duct. Running around the connective 
tissue cells of the connective tissue capsule of the excretory ducts and 
crossing each other in this region, they form a delicate elastic tissue 
network. However, the mesh of this network varies, and there may be 
distinct gaps in places. 

As the distance from the actual wall of the excretory duct proper 
decreases, the elastic fibers become increasingly rare; as a rule, for most 
of the ducts the last third of this connective tissue capsule is quite void 
of elastic fibers. In some of the largest duct cross-sections of several 
of the pancreases, however, a few isolated elastic fibers can be observed 
quite close to the wall of the duct. 

Everywhere in the connective tissue capsule of the wall of the 
excretory ducts are found abundant collagenous fibers, as well as 
argyrophilic fibers that are directly connected with the fibers of the 
argyrophilously staining basement membrane (Figure 27). 
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In the direction away from the elastic tissue capsule, i.e., outside 
the connective tissue capsule of the excretory duct, an increased amount 
of elastic fibers is encountered continuously. These fibers depart from 
several places into various directions, usually as thicker fascicles mostly 
originating in the peripheral part of the above-mentioned capsule. These 
elastic tissue fascicles sometimes extend quite far into the interstices 
of the glandular tissue islets and often connect with elastic fibers coming 
from another direction, as has been found previously. 

The collagenous tissue also show a further strong increase. As has 
been mentioned, in the embryonic supporting tissue, i.e., in the con- 
nective tissue between the glandular tissue areas, more and more 
collagenous fibers are encountered. In this region, the formation of 
collagenous tissue is very powerful; this can be said of the connective 
tissue capsule surrounding the excretory ducts as well. 

Comparisons have been made of preparations consisting of succes- 
sive sections from one pancreas and stained by different methods, in 
this case the azan method and the method of Lewis and Jones. This 
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Figure 27 (Fetus No. 60). — Photomicrograph of the pancreas of a fetus 21.0/30.5 

cm in length. Longitudinal section of an excretory duct (near the upper margin of the 

photograph). Abundant argyrophilic fibers depart from the basement membrane 

of the duct; these fibers are connected with the argyrophilic fibers of the capsule 
of the duct. Foot’s silver staining. x 650. 
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has made possible the observation of the considerable difference between 
the collagenous tissue participating in the building of the connective 
tissue capsule surrounding the excretory duct and the elastic and ar- 
gyrophilic tissue occurring there. By means of the Lewis-Jones me- 
thod, one observes the elastic tissue capsule in the periphery and the 
elastic fiber network that continues centrally from there but does not 
reach to the excretory duct. From the opposite direction, i.e., from the 
basement membrane of the excretory duct, the argyrophilic fiber 
network is made visible by the same staining method. This fine-fibered 
network extends up to the periphery of the connective tissue capsule. 
With this method also, the collagenous fibers are made visible, as has 
been mentioned, but in a fairly light color. As a result, a bluish fiber 
network can be seen, after a fashion, as a background over all the 
connective tissue capsule of the excretory duct; however, this network 
is covered to a considerable extent by the elastic tissue and the ar- 
gyrophilic tissue which have been made visible at the same time. 

On study of this preparation as stained by the azan method, 
the same network of collagenous fibers is visible as in the previous 
staining. In addition, it can be noticed now that all the elastic tissue 
ring and the basement membrane, as well as the fibers departing peri- 
pherad from it, are stained blue. It seems, however, that where previous 
staining revealed the elastic tissue ring, the amount of fibers is now 
much greater, since the ring appears much stronger and of greater 
density and acquires a very intense blue stain. Conditions are similar 
with regard to the rest of the connective tissue capsule inward from 
the elastic tissue ring. The staining is of uniform strength and is blue 
throughout, with the exception of a few very small holes here and there. 
Thus, considering the real sparsity of elastic fibers and argyrophilic 
fibers in the connective tissue capsule of the excretory duct, in spite 
of their remarkable regional extension, it is reasonable to conclude 
that the remainder of the connective tissue fibers found in this place 
consist of collagenous fibers and collagenous tissue. 

In comparison with the previous intrauterine month, no remarkable 


change in the quantitative proportion of the argyrophilic fibers and _ 


the elastic and collagenous fibers has taken place. Elastic fibers are now 
encountered in somewhat greater amount in the connective tissue cap- 
sules of the nerves (Figure 28), but in all other respects the situation 
at this stage is about the same as in the preceding month. 
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Figure 28 (Fetus No. 58). — Photomicrograph of the pancreas of a fetus 20.0/30.0 

cm in length. In the lower part of the photograph is the cross-section of a nerve, 

with elastic fibers in its surrounding connective tissue capsule. Lewis-Jones staining 
method. x 170. 


SEVENTH INTRAUTERINE MONTH 
(Fetuses No. 61 to 66) 


During the seventh intrauterine month, with the continued evolution 
and growth of the glandular tissue, one can no longer speak of large 
areas of glandular tissue separated from each other, as during the pre- 
ceding month. The evolution has now proceeded so far that a nearly 
continuous pancreatic tissue may be said to exist. The glandular tissue 
areas have grown to such size that they approach each other in all 
directions. Around each of these areas is a narrow fascicular connective 
tissue structure of nearly uniform thickness (Figure 29). However, 
in numerous spots smaller or larger amounts of embryonic supporting 
tissue are still encountered between the glandular islets in the glandular 
tissue areas or separating clusters of two to four glandular acini from 
each other. Consequently, a distinct light-colored lattice formed of 
embryonic supporting tissue spreads all over the pancreatic tissue. This 
seems to be strengthened by a supporting network of embryonic sup- 
porting tissue with wider mesh around the glandular islets. The con- 








Figure 29 (Fetus No. 64). — Photomicrograph of the pancreas of a fetus 35.0 cm in 

length (crown to heel). The glandular tissue has increased in density and amount so 

that now narrow connective tissue fascicles appear in its interstices. Azan staining 
(Heidenhain). x 170. 


nective tissue network formed in this way is further augmented by the 
abovementioned connective tissue fascicle network of greater thickness, 
which surrounds the glandular tissue areas formed by the glandular 
islets. 

These large fascicles become broader and stronger in the areas 
with excretory ducts, nerves, and blood vessels. Here the connective 
tissue is very abundant, surrounding everywhere the excretory ducts, 
nerves, and blood vessels in the neighborhood and at the same time 
filling up their near environment. If such a preparation is studied at 
low magnification (60 to 100), the arrangement of the connective tissue 
resembles the cross-section of a tree trunk. One observes thick branches 
departing everywhere from this trunk, breaking off in places, but 
generally continuing away from the trunk, becoming thinner, and 
simultaneously ramifying into various directions. 

Naturally, this stage of development has not yet been reached in 
all areas at this period, and in places the evolution lags considerably. 
Thus one may observe here and there extensive areas where glandular 
tissue islets, connective tissue, excretory ducts, nerves, and blood ves- 
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sels are only in the act of developing in this direction. In such places, 
large connective tissue areas can be encountered where all these tissue 
ingredients occur without any clear arrangement, since such an abun- 
dance of glandular tissue has not yet developed. In such places, even 
in the middle of the embryonic supporting tissue the islands of Lan- 
gerhans are encountered (Figure 30) (Weichselbaum and Kyrle 1909, 
Clara 1922). 

In regard to the abovementioned, as well as to the evolution 
of the connective tissue in general, even in this period no differences 
are observable among the various parts of the pancreas. In the course 
of the growth of the excretory duct and of the pancreatic duct itself 
nearer to the caput of the pancreas, the connective tissue around them, 
naturally, becomes correspondingly more abundant. According to the 
part of the pancreas in question, various connective tissue fascicles 
depart peripherad from this connective tissue capsule. As in the caudal 
part on account of the greater number of the islands of Langerhans, 
differences in the connective tissue structure due to the structural 
diversity of the various parts of the pancreas can also be noticed. It 
should be understood that these differences concern only the relative 
amount of connective tissue in the various parts. With the methods 
employed, the author was not able to observe any other differences in 
evolution. 

Still more elastic tissue has been formed around the large excretory 
ducts and the pancreatic duct (Figure 31). In the encircling elastic 
tissue ring the amount and the thickness of the fibers have increased. 
The elastic fiber fascicles departing from the elastic tissue ring into 
the interstices of the glandular tissue have correspondingly increased 
in number and size. Even around the smaller excretory ducts elastic 
tissue can already be observed. Here also the amount of fibers is now 
greatly increased; thus, partly at least elastic tissue structures are ob- 
servable in miniature, similar to those mentioned previously in the 
case of the larger ducts. 

The collagenous fibers and tissue, as well as the argyrophilic tissue, have 
increased evenly wherever they had been observed during the preceding 
evolutionary period. The supporting connective tissue is increased in 
proportion to the increase in the glandular tissue and the corresponding 
over-all growth of the pancreas. With regard to the basement membrane, 
the same development continues slowly (Figure 32). It can no longer 








Figure 30 (Fetus No. 63). — Photomicrograph of the pancreas of a fetus 34 cm in 

length (crown to heel). Glandular tissue is seen on the margins of the photograph; 

in the middle is connective tissue with an isolated island of Langerhans. Azan 
staining (Heidenhain). x 170. 





Figure 31 (Fetus No. 63). — Photomicrograph of the pancreas of a fetus 34 cm in 

length (crown to heel). Cross-section of the pancreatic duct, with abundant elastic 

fibers in its connective tissue capsule and ring formed of elastic fibers in the 
periphery of the capsule. Lewis-Jones staining method. x 170. 
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Figure 32 (Fetus No. 63). — Photomicrograph of the pancreas of a fetus 34 cm in 
lerigth (crown to heel). Glandular tissue. Argyrophilously stained basement mem-- 
branes around the glandular acini. Lewis-Jones staining method. x 360. 


be made everywhere visible by the collagenous tissue staining methods, 
whereas silver staining makes it appear very clearly. In contrast, there 
is no great difference in the stainability of the basement membrane of 
the excretory ducts by the collagenous tissue staining methods, as 
compared with the previous evolutionary periods. The supporting 
stroma around the islands of Langerhans is now stained somewhat 
more distinctly by the collagenous tissue staining methods than pre- 
viously. 

The connective tissue around nerves and blood vessels has also 
become stronger while the nerves and blood vessels have developed 
and grown in size. However, nothing particularly new can be noticed 


in their supporting structure. 


EIGHT INTRAUTERINE MONTH 
(Fetuses No. 67 to 75) 


During the eighth intrauterine month, the proportion between 
glandular tissue and its surrounding connective tissue scarcely seems 
to change. The pancreatic tissue as a whole appears to have become 








Figure 33 (Fetus No. 69). — Photomicrograph of the pancreas of a fetus 41.0 cm in 
length (crown to heel). Pancreatic tissue during the eighth intrauterine month: 
Azan staining (Heidenhain). x 170. 


slightly more compact due to the increase in the glandular tissue. Even 
this observation can be made in only some of the preparations from the 
material pertaining to this evolutionary period (Figure 33). 

The argyrophilic tissue in the basement membrane has become 
stronger and slightly increased. In places it appears very thick, but 
its fibers are generally well discernible, as has been found previously. 
The fibers of the basement membranes of the terminal nodes, i.e., the 
glandular acini, are particularly clear. But the basement membranes of 
the excretory ducts now appear in considerable thickness when stained 
with the silver impregnation method. With regard to the latter, it is 
much more difficult to decide whether they are of a fibrous structure 
or are continuous membranes of greater thickness. Here and there, 
however, fibers are clearly visible. At many points these fibers are 
linked with argyrophilic fibers in the connective tissue capsule proper, 
peripherad from the basement membrane. In the connective tissue 
wall of the pancreatic duct at this period some smooth muscular fibers 
are also observable here and there. In the connective tissue capsule of 
the excretory ducts, as well as in the embryonic supporting tissue, 
(Figures 34 and 35), in the walls of blood vessels, and around nerves 
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Figure 34 (Fetus No. 69). — Photomicrograph of the pancreas of a fetus 41.0 cm in 

length (crown to heel). Cross-section of a small excretory duct, its basement mem- 

brane, and the fibers of its connective tissue capsule as stained with silver. Foot’s 
silver staining. x 360. 





Figure 35 (Fetus No. 70). — Photomicrograph of the pancreas of a fetus 41.0 cm in 
length (crown to heel). Basement membrane around the glandular tissue. In the cen- 
ter si a cross-section of a nerve surrounded by argyrophilic fibers; to the right is 
visible a small vein and at the lower margin a small duct, both surrounded by a 
supporting structure made up of argyrophilic fibers. Foot’s silver 
staining. x 170. 








Figure 36 (Fetus No. 70). — Photomicrograph of the pancreas of a fetus 41.0 cm in 
length (crown to heel). In the center is a nerve cross-section with surrounding elastic 
fibers. Higher up to the right is a vein with elastic fiber network. Lewis-Jones 
staining method. x 170. 


(Figure 35), there is an abundance of argyrophilic fibers and net- 
work. 

When silver staining is applied, an impression is obtained that the 
major part of the fibers in the investigated connective tissue is argyro- 
philic. If, however, aftervard the combined staining method of Lewis 
and Jones is applied, one finds that the greater part of the connective 
tissue of the blood vessel walls, of the connective tissue capsule of the 
excretory ducts, and of the connective tissue in the embryonic support- 
ing tissue consists of collagenous fibers. On the other hand, there are 
abundant elastic fibers in the connective tissue capsule of nerves, as 
well as in the peripheral part of the excretory ducts, in the blood vessel 
walls, and in some places in the interstices of the glandular tissue, i.e., 
in the embryonic supporting tissue where it is narrowest (Figure 36). 

Thus, it is in the basement membranes and around them, as well as 


in delicate connective tissue fiber networks in the connective tissue 


capsules of the excretory ducts, in the blood vessel walls, in the con- 
nective tissue capsules of nerves, and in the embryonic supporting 
tissue that argyrophilic network is mainly encountered. This network 
is of very fine mesh, particularly in the basement membrane surrounding 
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the glandular acini. In the other places mentioned, it may be of slightly 
larger mesh. 

All these argyrophilic networks form, as has been found previously, 
a connective tissue network extending over the pancreatic area. Only 
now, however, this network begins to appear in fairly complete shape. 
The basement membranes around the glandular acini are connected 
with each other, either directly through fibers or by means of the fiber 
networks in the embryonic supporting tissue. They form an approxi- 
mately continuous network of much the same mesh size everywhere. 
This network only terminates against the more extensive connective 
tissue fascicle bordering the glandular tissue, in which primarily col- 
lagenous tissue occurs. 

Even here the network formation continues, as has been remarked 
above. It has now, however, a different appearance, since the connective 
tissue of the duct or the argyrophilic fiber network connects with it 
by means of its fibers. Thus, in all, three different argyrophilic con- 
nective tissue networks are discerned which are connected with each 
other and form the whole compound described above; the network of 





Figure 37 (Fetus No. 69). — Photomicrograph of the pancreas of a fetus 41.0 cm in 

length (crown to heel). In the center is a large island of Langerhans surrounded by 

an argyrophilic fiber capsule from which fibers depart into the interior of the 
island. Foot’s silver staining. x 650. 
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the basement membranes which has the smallest mesh; next, the ar- 
gyrophilic fiber network around blood vessels and excretory ducts 
and in the embryonic supporting tissue; finally, the large-mesh network 
formed by the basement membranes of the terminal nodes and excretory 
ducts as such. 

In addition, there is the argyrophilic fiber network around the 
islands of Langerhans with, the fibrous fascicles departing from it 
into the interior of the islands (Figure 37). These networks are also 
connected with the adjacent argyrophilic fiber networks of the basement 
membranes of the terminal nodes, and connective tissue capsules of 
the excretory ducts. 

All these structures, which have been mentioned previously in the 
description of various periods of evolution though then as a rule only 
with regard to some separate part, have now gradually attained a more 
general character applying to the whole pancreas. For several intra- 
uterine months, this development has been obvious, and it cannot in 
any way be ascribed to only the eighth intrauterine month. Yet there 
is reason enough to say that the most essential development has taken 
place during the two or three last evolutionary months. During this 
time the increase in the glandular tissue has just about reached the stage 
where the entire pancreas area has become one single continuous gland. 

Collagenous tissue is also being formed increasingly in the embryonic 
supporting tissue fascicles in the interstices of the glandular tissue. The 
tissue is very rich in fibers, so that, e.g., with azan staining, the narrow 
fascicles are made to appear almost entirely blue. Matters are slightly 
different in the case of the broader embryonic supporting tissue fas- 
cicles. These surround larger areas of glandular tissue, or glandular 
strips as we may call them, formed by a number of glandular tissue 
islets. With azan staining, the major part is noticed to consist of a light- 
colored tissue rich in fibrocytes, in which bluish fibers occur sparsely 
here and there. However, fibers always exist nearer to the points where 
this embryonic supporting tissue borders on glandular tissue or on 
some other differentiated tissue of the pancreas. Consequently, near this 
tissue and even for some distance outward from it, the connective 
tissue is stained blue throughout. Similarly, around the excretory ducts, 
nerves, and blood vessels in the embryonic supporting tissue, strong 
collagenous fiber formations have developed (Figure 38). 

The elastic fibers have increased further, though not in any remarkable 
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Figure 38 (Fetus No. 70). — Photomicrograph of the pancreas of a fetus 41.0 cm in 
length (crown to heel), In the upper center in the pancreatic tissue the cross-section 


of a vein is visible, and farther down the cross-section of a nerve can be seen; 
abundant collagenous tissue surround both. Azan staining (Heidenhain). x 170. 





length (crown to heel). Slightly to the right of the center is a cross-section of the pan- 

creatic duct, and lower down, a longitudinal section of one excretory duct is seen. 

Around both, abundant elastic tissue is visible in a darker shade against the argyro- 
philic tissue. Lewis-Jones staining method. x 170. 
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degree as compared with the preceding period of evolution. In the 
connective tissue capsules around the very smallest excretory ducts, 
a dense elastic fiber network is now almost compieted (Figure 39). 
Thus, even here one may already speak of a fairly strong elastic tissue. 
The elastic fiber fascicles departing from the capsules of the tiniest 
ducts and from the smallest connective tissue capsules of the nerves 


are now distinctly visible. 


NINTH INTRAUTERINE MONTH 
(Fetuses No. 77 to 81) 


During the ninth intrauterine month, one can clearly notice how 
the glandular tissue of the pancreas grows denser and takes on a com- 
pact appearance. The glandular tissue strips are now relatively large. 
They have lost part of the embryonic tissue surrounding the glandular 
tissue islets in their interior. Consequently, the connective tissue around 
these clusters of a few glandular acini is comparatively narrow. Mo- 
reover, one may notice that, perhaps on account of the growing com- 
pactness of the glandular tissue, the glandular tissue islets in many 





Figure 40 (Fetus No. 79). — Photomicrograph of the pancreas of a fetus 45.5 cm in 
length (crown to heel). General view of the pancreatic tissue. Azan staining 
(Heidenhain). x 170. 
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places have a pronounced rectilinear appearance at their adjoining 
faces (Figure 40). 

Even more distinctly than at these points, this rectilinearity begins 
to be evident in places where the glandular tissue strips border on the 
embryonic supporting tissue fascicles surrounding them. In many of 
these places this phenomenon is so distinct that the embryonic sup- 
porting tissue is bordered by the absolutely straight margin of a glandular 
tissue strip. In such places the glandular acini are so close that the 
tissue margin appears unbroken and even. 

Although the glandular tissue seems so clearly to gain in com- 
pactness, the fascicles of embryonic supporting tissue between the 
glandular tissue strips are not much narrower than in the preceding 
period. Thus, the general picture has scarcely changed in this respect. 

In the embryonic supporting tissue, the formation of loose con- 
nective tissue continues during this evolutionary period. The amount 
of collagenous fibers shows a particular increase in the interstices of the 
glandular tissue strips and around the pancreatic tissue, i.e., around 
the entire gland. E.g., the number of fibers appearing here on azan 
staining and acquiring a blue stain has increased considerably. This 
can be especially noticed near the margin of the glandular tissue, where 
strong collagenous fibers are seen. These fibers, of various sizes and 
in distinctly meandering wave-shapes, form thick fascicles of collagenous 
tissue. The amount of argyrophilic fibers has not increased in comparison 
with the preceding period of evolution, and its appearance in the 
embryonic supporting tissue is similar to that in the earlier stage. 

Furthermore, the e/astic fibers have increased in the embryonic 
supporting tissue between the glandular tissue strips. Of course, their 
number is not anything like that of the argyrophilic fibers or particul- 
atly of the collagenous fibers. Moreover, as before, there are elastic 
fibers appearing uniformly over all the embryonic supporting tissue, 
but very sparsely. They are observed in greater number only wherever 
the connective tissue capsule of an excretory duct or a nerve or the 
wall of a larger blood vessel is nearly adjacent. From the elastic tissue 
part of these, strong elastic fiber fascicles may depart from their mother 
tissue into the interstices of the glandular tissue islets. The fascicles may 
be so strong in some places a dense elastic tissue can be notic here on 
account of the great number of the elastic fibers in the fascicle and of 
the network they form. Such elastic tissue fascicles are, however, 
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usually encountered in the embryonic supporting tissue only at its 
narrowest points. i.e., where the embryonic tissue is confined into 
a very small space between parts of the glandular tissue. 

In addition to the previously mentioned occurrence of collagenous 
tissue around the glandular tissue strips, a corresponding arrangement 
of the collagenous tissue appears around the glandular tissue islets. 
As was noted in the preceding evolutionary month, collagenous fibers 
occur in considerable abundance, even though the embryonic supporting 
tissue is in much narrower fascicles in the interstices of the glandular 
islets than around the glandular strips. Everywhere between the glan- 
dular tissue islets, collagenous tissue can be seen around the smaller 
or larger excretory ducts and blood vessels, as was observed previously. 
From this tissue, collagenous tissue fascicles depart in numerous 
directions into the interstices of the glandular tissue islets, becoming 
narrower with increasing distance from the mother tissue. 

The described facts apply in no way with schematic regularity, yet 
generally the collagenous tissue seems to expand radially outward 
from certain centers. This can be observed even in the case of the 
connective tissues surrounding the smallest ducts and blood vessels. 
Consequently, parallel with the radial arrangement of the collagenous 
tissue between the glandular tissue strips, corresponding collagenous 
tissue formations are visible in the interstices of the glandular islets. 
Thus, a difference can be said to exist only with regard to size. 

In nearly all places where but little collagenous tissue is encountered 
between the glandular tissue islets, a narrow fascicle of embryonic 
supporting tissue still separates such islets from each other; thus, a 
distinct embryonic supporting tissue network continues to exist in 
areas where actual collagenous tissue has not yet been completely formed. 

In addition to these observations on the increase of the amount 
of elastic fibers in the embryonic supporting tissue, it should be noted 
with regard to the occurrence of elastic fibers that the elastic ring in 
the periphery of the connective tissue capsule of the excretory ducts 
is further strengthened, as is the elastic fiber network centrad from 
here toward the wall of the duct. In the larger ducts and in the pan- 
cteatic duct proper, one may now say that network made up of delicate 
elastic fibers exists nearly all over their connective tissue capsules. 
This network is strengthened and grows to a strong ring in the peri- 
phery, where it is additionally supported by the elastic fiber fascicles 
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Figure 41 (Fetus No. 78). — Photomicrograph of the pancreas of a fetus 44.0 cm in 
length (crown to heel), Argyrophilic tissue around the glandular tissue of the 
pancreas. Foot + kernechtrot. x 360. 





Figure 42 (Fetus No. 78). — Photomicrograph of the pancreas of a fetus 44.0 cm in 

length (crown to heel). Pancreatic tissue. In the upper part of the picture is part of 

the wall of an excretory duct; below it may be seen an island of Langerhans. The 

argyrophilic fibers of the capsule of the island and of the basement membrane of the 

duct are interconnected at the point of contact. In the environment, basement mem- 
branes of glandular acini are discernible. Foot + kernechtrot. x 650. 
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between the glandular tissue islets and strips that occur in its vicinity 
and originate from the elastic ring. 

The character of the argyrophilic connective tissue is changed in no 
way during this evolutionary period, as compared with the preceding 
period. Its amount naturally increases in the course of growth of the 
pancreatic tissue, but otherwise nothing new of significance can be 
noticed (Figure 41). The stainability of the basement membrane has 
not changed either; thus, it can be made continuously visible by silver 
staining, as well as by the collagenous tissue staining methods, though 
with weaker visibility. The fibrous structure of the basement membrane 
and of the capsules of the islands of Langerhans is unchanged (Figure 42). 

The stainability of the fibers in the connective tissue capsule around 
the nerves is similar to that in the preceding period of evolution. The 
thickness of the connective tissue capsule is also approximately the 


same. 


THE NEONATE 
(Neonates No. 82 to 84) 


The two eldest specimens of the material used in the investigation 
of the ninth intrauterine month present practically no differences from 
the neonate, as regards structure and stage of evolution of the pancreas. 
Thus, it is impossible to give a schematic account of distinct differences 
between these eldest fetuses and the neonates. One has to consider the 
evolution as progressing smoothly, which is indeed the most natural 
thought; consequently, no changes as distinct and as great as those 
during the previous months can be observed at the epoch separating 
these two periods of evolution. If, however, the fetus has had opport- 
unity to develop to most nearly optimum dimensions in length as well 
as weight during the intrauterine period, then the evolving pancreas 
will also have a structure of decisively greater maturity. 

The stainability and extent of the pancreatic connective tissue is in 
no way different in the neonate from what was found during the preced- 


ing intrauterine period of evolution. Of course, in the neonate a slight 


increase in the glandular tissue as compared with the preceding month 
can be observed, and the connective tissue supporting the glandular 
tissue has grown correspondingly. Yet with regard to rate of evolution 
or other characteristics, no remarkable differences can be noticed. 
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The glandular tissue in the pancreas of a neonate is found to have 
become somewhat more compact. However, larger and smaller glandular 
tissue islets with fairly loose connection are still encountered abun- 
dantly. Because of this, the structure of the glandular tissue strips 
continues to appear fairly loose on account of the connective tissue 
fascicles between the islets (Figure 43). 

The embryonic supporting tissue between the different glandular 
tissue strips, as well as that within these strips, in the interstices of 
the glandular tissue islets, contains in some places a great abundance 
of collagenous tissue. This is made up of strong collagenous fibers mean- 
dering in wave-shapes. However, numerous points are encountered— 
particularly in the embryonic supporting tissue proper, between the 
glandular tissue strips — where as yet no actual, complete collagenous 
tissue occurs, only some fibers being found instead. At the margins 
of the embryonic supporting tissue, on the other hand, i.e., near the 
glandular tissue, a distinct collagenous tissue stroma is found every- 
where. Collagenous tissue is also encountered wherever connective tis- 
sue occurs in dense form, i.e., in narrow places in the interstices of 
the glandular tissue. This condition is seen here and there between 





Figure 43 (Neonate No. 82). — Photomicrograph of the pancreas of a neonate 48.0 
cm in length. General view of the pancreatic tissue of a neonate. Azan staining 
(Heidenhain). x 170. 
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the glandular tissue strips and in the connective tissue surrounding 
them, but is particularly noticeable in the interstices of the glandular 
islets in the interior of the glandular tissue strips. 

In addition to the collagenous tissue, the amount of e/astic fibers 
in the embryonic supporting tissue between the glandular tissue strips 
and in the interstices of the glandular islets has increased. Their points 
of departure are the same as described in the preceding periods of 
evolution. Since now more nerves and, particularly, more small ex- 
cretory ducts are found, the connective tissue capsule of which contains 
a considerable amount of elastic tissue, the number of the elastic fibers 
departing from these into the environment, in to the interstices of the 
glandular tissue, increases correspondingly and grows to extend all 
over the pancreatic area (Figure 44). 

In neonates argyrophilic tissue is no longer found in considerable 
amount in the embryonic supporting tissue. Consequently, networks 
of argyrophilic fibers do not appear as distinct as previously. However, 
the number of argyrophilic fibers is greater near the glandular tissue 
margin and in the narrowest places in the interstices of the glandular 
islets. The amount of the argyrophilic network in the vicinity of the 
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Figure 44 (Neonate No. 84). — Photomicrograph of the pancreas of a neonate 50.0 
cm length. Elastic fibers in fascicles in the interstices of the glandular tissue and around 
small ducts. Lewis-Jones staining method. x 170. 
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basement membranes and around nerves, blood vessels, and excretory 
ducts is approximately unchanged, as compared with the preceding 
period of evolution. 

In places, around the »centroacinar» cells there is distinctly observable 
a fibrous, narrow argyrophilic margin, described by Ferner, which 
borders these cells against the glandular cells. No connection has been 
established between these fibers and the basement membrane of the 
glandular cells. 

If the arrangement and structure of the connective tissue in the 
various parts of the pancreas of a neonate are studied and comparisons 
are made, one may say that the essential differences are only on the 
basis of the structural diversities of the parts of the pancreas. The 
factors giving rise to some differences in the distribution of the con- 
nective tissue in the various parts of the pancreas are these: The islands 
of Langerhans are situated in greater part in the caudal portion of the 
pancreas; the pancreatic duct grows gradually larger toward the caput 
of the pancreas; similarly, the lumens of the small excretory ducts 
grow larger with decreasing distance from the pancreatic duct into 
which they discharge. No other real differences of this type are observ- 
able, except for those noted in the preceding evolutionary period. 

The conncetive tissue surrounding the pancreatic tissue, i.e., the 
tissue encircling the whole gland, seems to be similar in its structure 
to the supporting tissue between glandular tissue strips. Thus, there 
are found collagenous fibers in abundance and also elastic fibers to some 
extent; these, however, follow the previously mentioned patterns in 
their arrangement and situation. This means that they originate in some 
elastic fiber network and occur, as a rule, close to some nerve or ex- 
cretory duct of the pancreas. 

The connective tissue around the pancreas has direct connection with 
the supporting tissue between the glandular tissue strips. Collagenous 
tissue and elastic fibers are, however, encountered in greater abundance 
between the strips and also in the area nearest the glandular tissue. 
The amount of argyrophilic fibers in the supporting tissue, partic- 
ularly in the part nearest the glandular tissue, where these fibers are 
actually encountered, is not very considerable. 

The outermost part of the supporting tissue surrounding the pan- 
creas is similar, in places, to the other part of this tissue. In several 
areas, however, a somewhat greater amount of collagenous fibers can 
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be observed, occurring in a dense arrangement close to each other and 
parallel with the margin of the supporting tissue. Here and there one 
can notice a cellular layer, either of great thickness or sometimes only 
very thin, which uniformly borders the supporting tissue surrounding 
the pancreas. This layer of the supporting tissue is made up of cells 
of varying appearance and size, with rather large, fairly round nuclei. 

In neonates, around the terminal nodes of the glandular tissue, as 
well as around the excretory ducts, the basement membrane is stained 
as has been described in the preceding period of evolution (Figure 45). 
No essential change in its occurrence and its structure, as compared 
with previous conditions, can be observed. Its amount has, of course, 
increased with the further growth in size of the pancreas and the ex- 
cretory ducts and with the further increase of the glandular tissue. 
The some can also be observed with regard to the more or less in- 
complete connective tissue capsule around the islands of Langerhans 
of the neonate. Also their stainability structure and occurrent are similar 
as before during the two preceding intrauterine months of evolution. 

As was already mentioned in connection with the description of 





Figure 45 (Neonate No. 83). — Photomicrograph of the pancreas of a neonate 49.0 
cm in length. Argyrophilic tissue in the pancreatic tissue of a neonate in the basement 
membranes, in the interstices of the glandular tissue, and around the ducts. 
Foot + kernechtrot. x 360. 
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the embryonic supporting tissue of neonates, the collagenous tissue 
increases wherever supporting tissue is encountered in the interstices 
of the glandular tissue. The collagenous tissue is formed of strong 
fascicles of fairly great thickness, in which one can observe strong 
collagenous fibers of wave-shape, generally oriented in the same direct- 
ion. If a preparation from the pancreas of a neonate is studied under 
low magnification, e.g., 100, and stained with azan, one can find, 
as in the eighth and ninth intrauterine months, larger and smaller, 
as well as very small, intensely blue-stained collagenous tissue fascicles. 
They originate in the collagenous tissue capsules around the various 
sized excretory ducts, the blood vessels, and the nerves. These fascicles 
expand radially into the environment, into the interstices of the glandular 
tissue, narrowing gradually to the vanishing point. However, at some 
points collagenous tissue is encountered as regular fascicles of uniform 
thickness, mostly around the glandular tissue strips. 

In neonates e/astic fibers occur even around quite small ducts in such 
abundance (Figure 46) that it is reasonable to speak of elastic tissue 
in these places. In these small ducts, however, no phenomena cor- 
responding to those observed in connection with the larger ducts can 





Figure 46 (Neonate No. 84). — Photomicrograph of the pancreas of a neonate 50.0 
cm in length. A small excretory duct of the neonate. Around the duct are elastic 
fibers. Lewis-Jones staining method. x 650. 
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be noticed. It is true that there is also some elastic fiber network in 
the capsule of a smaller duct, but in its periphery the strong elastic 
ring is absent; in the larger ducts in neonates this elastic ring is further 
strengthened as is the elastic network of the capsule. Elastic fibers are 
encountered, as has been mentioned, in great abundance in the inter- 
stices of the glandular tissue nearer the elastic tissue formations in 
various parts of the pancreatic tissue, from which formations these 
fibers seem to originate. 

As a general impression, one may say that in neonate connective 
tissue and, particularly, embryonic supporting tissue occur abundantly 
in the interstices of the glandular tissue islets. The general picture of 
the pancreatic tissue is the one of continuing comparative looseness 
of tissue, in spite of signs apparent during the two preceding periods 
and the present evolutionary period of a trend toward a more compact 
structure of the glandular tissue. 


COMPARISON OF THE RESULTS WITH RESULTS OF PRE- 
VIOUS INVESTIGATIONS ON THE PANCREAS OF ADULTS 


Numerous investigators have tried to clarify the structure of the 
connective tissue in the pancreas of human adults. Of these may be 
mentioned Langerhans (1869), Boll (1869), Helly (1898), Flint (1903), 
Laguesse (1905 ja 1906—8), Tarcia in Curia (1909), Piazza (1910), 
Plenk (1927), Zimmermann (1927), Fazzari (1930 and 1935), and Clara 
(1922, 1925, and 1936), in addition to those previously cited: Ferner 
(1938), Kitaygorodskaya (1944), and Emery (1951). Ferner investigated 
chiefly neonates and children; Kitaygorodskaya studied neonates, 
children, and adults, while Emery’s investigation was on neonates to 
16-year old persons. 

If the results of these investigators concerning the pancreas of adults 
are compared with the results arrived at by the author, and particularly 
with his observations on the stage of evolution represented by the 


neonate, a great difference in the arrangement of the connective tissue 


between these two stages of development is noted. First, with regard 
to the occurrence of elastic fibers, collagenous fibers, and argyrophilic 
fibers in the various parts of the pancreas, the neonate has, as had the 
fetuses representing the evolutionary stages of the last two intrauterine 
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months, approximately everywhere the same types of fibers as the adult. 
On the other hand, the tissues formed of these fibers have not thus 
far developed to such size and density as in adults, although a clear 
basis of the connective tissue structure already exists everywhere in 
corresponding places. 

On the neonate, the proportion of the embryonic supporting tissue 
together with the fibers occurring therein is still fairly high in com- 
parison with the glandular tissue it encircles. Although the amount 
of the glandular tissue has been shown to be considerably greater than 
that of the connective tissue, it follows from the fact mentioned above 
that there is an abundant, loose connective tissue around the glandular 
tissue strips, and the glandular acinus islets contained in these, which 
lends to the entire gland a very immature and loose character, as com- 
pated with the compact glandular structure in an adult pancreas with 
the narrow connective tissue fascicles surrounding the glandular tissue 


strips. 


SYNOPSIS OF THE RESULTS 


As a summary of the preceding work, with a view to the questions 
formulated at the beginning of this paper, the results are presented as 
follows: 

1. In a embryo of 2.1/2.3 cm length, the youngest specimen in our 
material, distinct argyrophilic fibers occur in the basement membrane around 
the glandular acinusanlages of the glandular tissue and in the embryonic 
supporting tissue in the interstices of the glandular anlages. In the 
basement membrane of the excretory duct anlages, a system of argyro- 
philic fibers is found during the second intrauterine month. In the 
embryonic supporting tissue, argyrophilic fibers are found in greatest 
number quite close to the margin of the glandular tissue and to blood 
vessels. 

During the second intrauterine month, by collagenous tissue staining 
methods there is found in the embryonic supporting tissue a rather 
abundant number of f#bers; these fibers also stain similarly to argyrophilic 
fibers with a silver staining method. Here and there, however, 
in the second half of the third intrauterine month, actual collagenous 
fibers are seen in the embryonic supporting tissue, distributed sparsely 
among the narrow embryonic supporting tissue fascicles between the 
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glandular tissue anlages. In the first half of the third intrauterine month, 
elastic fibers are clearly observed in the walls of small blood vessels. 
Elsewhere in the region of the pancreas e/astic fibers are encountered, 
in the second half of the third intrauterine month, in the peripheral 
part of the connective tissue capsule of the pancreatic duct. These 
fibers are seen for the first time in a fetus 8.0/10.0 cm in length. 

2. Argyrophilic fibers, or reticulin tissue, are from the beginning 
fairly abundant in the pancreas. They were first observed, as has been 
said, in the youngest specimen in our material, at an evolutionary age 
pertaining to the first half of the second intrauterine month. In the 
basement membrane, both in the terminal nodes of the glandular tissue 
and around the excretory ducts, the fibers are generally distinctly ob- 
servable. These fibers are abundant in the embryonic supporting tissue 
and also around the blood vessels. 

In the second half of the third intrauterine month, argyrophilic 
fibers are found around the islands of Langerhans and as fibrous fas- 
cicles penetrating into the islands. In addition, argyrophilic fibers are 
observed in the third intrauterine month as the main constituents of 
nerve capsules. 

From this point evolution begins to progress at a high rate. In the 
course of the increase of the glandular tissue, the amount of the basement 
membranes, as well as the amount of fibers therein, increases correspond- 
ingly. The fibrous system in the embryonic supporting tissue increases 
near the border of the glandular tissue wherever new glandular tissue 
is in the process of formation. The amount of argyrophilic fibers around 
the blood vessels and in the nerve capsules also increases. The strong 
gradually increase of the glandular tissue in the course of evolution and 
the strong growth of the excretory ducts, nerves, and blood vessels 
give rise to a corresponding increase of the argyrophilic tissue. During 
evolution, three networks of various size made up of argyrophilic 
fibers can be observed, which are each connected with the others by 
means of fibers: First, the network with the smallest mesh is encountered 
in the basement membrane; secondly, in the embryonic supporting 
tissue, the argyrophilic fibers in the supporting structures of blood 
vessels, nerves, and excretory ducts form a network with a somewhat 
larger mesh; thirdly, the basement membranes around the terminal 
nodes of the glandular tissue, those around the excretory ducts, and 
the argyrophilic fiber networks around the islands of Langerhans 
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form together a fairly large network extending all over the pancreas, 
with large mesh of varying size and looser or tighter connection. 

Thus, e/astic fibers are, encountered in the first half of the third 
intrauterine month and at first only in the walls of blood vessels; in 
the second half of this month they also occur in the periphery of the 
connective tissue capsule of the pancreatic duct. Here one may observe 
an annular arrangement of the elastic fibers, from which additional, 
more delicate fibers can be seen to depart centrad, i.e., toward the duct. 
The elastic tissue thus forms a ring of gradually increasing strength in 
the periphery of the capsule and an elastic network from there toward 
the duct. The elastic tissue does not, however, extend in all places into 
the region of the innermost third of the duct capsule before at the 
end of the prenatal period. In the fifth intrauterine month, elastic fibers 
begin to be seen around the smaller excretory ducts. From the second 
half of the fourth intrauterine month, moreover, such elastic fibers 
are observable in continuously increasing number; in larger or smaller 
groups they depart into the interstices of the glandular tissue from 
points where elastic tissue is encountered. Such fibers are found to 
depart from the annular formation described above, from the elastic 
tissue of the blood vessels, and from the nerve capsules, in which at 
the end of the third intrauterine month elastic fibers can also be found. 

Elastic tissue is thus observed around the excretory ducts, in the 
walls of the blood vessels, and in the connective tissue capsules of nerves. 
In the further course of evolution and with the approach of the end of 
the intrauterine period, elastic tissue is, moreover, observed in the 
embryonic supporting tissue in the interstices of the glandular tissue. 
Then one may find numerous points in the pancreas where two nerves 
or excretory ducts, or a nerve and an excretory duct, are connected 
with each other by numerous elastic fibers. 

Collagenous fibers begin to be visible in the fetal pancreas at the end 
of the third intrauterine month; at this time some collagenous fibers 
occur here and there in the embryonic supporting tissue in places 
where the glandular tissue islets are closely adjacent. During the fourth 
month, collagenous fibers are already seen in the connective tissue 
capsule of the pancreatic duct, where they form, together with the elastic 
and argyrophilic fibers, a dense connective tissue ring in the periphery 
of the capsule. In the fifth month, the increase of the collagenous fibers 
in the embryonic supporting tissue and in the connective tissue stromata 
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of blood vessels, excretory ducts, and nerves continues, so that colla- 
genous tissue can already be observed in many places. In this way, in 
the course of evolution, the collagenous tissue gradually increases in 
the pancreas, particularly in the interstices of the glandular tissue. After 
the glandular tissue has acquired adequate size (i.e., a clearly greater 
amount) as compared with the surrounding embryonic supporting tissue, 
it is possible to notice that the collagenous tissue forms distinct colla- 
genous tissue capsules around the glandular tissue, dividing it into 
large areas and later into strips. With the further development of the 
pancreas during the last intrauterine months, in regard to both the 
glandular tissue and the connective tissue, profuse collagenous tissue 
can be seen, particularly in areas with blood vessels, nerves, and ex- 
cretory ducts. From these points, the collagenous tissue can then be 
seen to expand radially into the environment, into the interstices of the 
glandular tissue, as gradually tapering fascicles. 

3. When the prenatal evolution of the connective tissue in the human 
pancreas is followed and comparisons are made between the various 
parts of the pancreas, one must say that on the basis of the present 
investigation no essential differences between the various parts of the 
pancreas can be noticed. Only on study of the pancreatic duct and its 
connective tissue capsule are some such differences observable. In the 
course of the widening of this duct toward the caput of the pancreas, 
its surrounding connective tissue capsule also increases. Further, an 
abundance of islands of Langerhans is encountered in the caudal part 
of the pancreas, and therefore the amount of argyrophilic capsules 
around them is naturally also greater than elsewhere in the pancreas. 

4. In the investigation of the proportion of the connective tissue 
to the glandular tissue in the human pancreas during the prenatal period, 
two principles have been considered. First, comments on the amounts 
of tissue are based only on an estimate by the eye, since it proved difficult 
to perform planimetric measurements of the tissue areas of indeterminate 
shape and, moreover with so small a material the results would not have 
been reliable enough. Secondly, throughout these considerations the 
embryonic supporting tissue and its system of connective tissue fibers 
have been used as the standard of comparison for the glandular tissue, 
since the amount of developed connective tissue is negligible during 
the first intrauterine months. 

The best conception of the evolution in this respect may be obtained 
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through a study of a succession of general pictures chosen to represent 
each intrauterine month. During the second and third months and 
up to the middle of the fourth month, there is much more connective 
tissue than glandular tissue, and the general impression is that the 
glandular tissue is very dispersed (Figures 1, 5, 7, and 9). After this, 
at the end of the fourth month, there is approximately as much of one 
as of the other (Figure 18). At the end of the fourth and the beginning 
of the fifth months, the glandular tissue has already surpassed the 
connective tissue with regard to quantity, and thereafter the develop- 
ment continues in this direction throughout the period of evolution 
(Figures 19, 24, 29, 33, 38, 40 and 43). During the two or three last 
intrauterine months, a distinct trend toward a more compact structure 
of the glandular tissue is observable, but this in no way alters the 
picture that is seen continuously during these months and even in 
the neonate; namely, the glandular tissue strips are surrounded by a very 
loose connective tissue that continues to occur also rather abundantly 
between the glandular acinus islets and even in their interior. 
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SUMMARY 


In the pancreases of 81 human embryos and fetuses from the se- 
cond to the ninth intrauterine months and 3 neonates, the author has 
investigated the occurrence and evolution of the connective tissue fi- 
bers, including the collagenous fibers, as well as the elastic fibers and 
the argyrophilic fibers. The proportion of connective tissue to glan- 
dular tissue during this evolution has also been studied. 

The investigations commenced with a embryo, 2.1/2.3 cm in length, 
in the second intrauterine month. In the pancreas of this youngest 
embryo the author has established the occurrence of argyrophilic fibers 
in the basement membrane around the glandular acinus anlages of the 
glandular tissue and in the embryonic supporting tissue, between the 
glandular anlages. In the basement membrane of the excretory duct 
anlages, an argyrophilic system of fibers has also been noticed. In the 
second half of the third intrauterine month, for the first time, actual 
collagenous fibers are observed, fairly sparsely distributed between 
the glandular anlages. Elastic fibers are found in the walls of the pan- 
creatic blood vessels in the first half of the third month, but not before 
its end are elastic fibers encountered in the periphery of the connective 
tissue capsule of the pancreatic duct anlage. 

In the study of the proportion of connective tissue in the pancreas 
during the prenatal period, the amount of the embryonic supporting 
tissue and its loose connective tissue has been compared with the 
amount of the glandular tissue. During the second and third intra- 
uterine months and to the middle of the fourth month, the connective 


tissue is more abundant than the glandular tissue, while the latter gives. 


the general impression of disorganization. At the end of the fourth 
month, both types of tissue are about equal in amount. During the 
fifth intrauterine month, the glandular tissue already exceeds the con- 
nective tissue in amount, and this development continues throughout 
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the period of evolution observed in the present study. However, the 
neonate still has very loose connective tissue between the glandular 
strips. This loose tissue is also encountered around the small groups 
of glandular acini. The author has observed no differences among 
the various parts of the pancreas with regard to the evolution of the 


connective tissue. 
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